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SOME PROBLEMS CONCERNING FOSSIL AND MODERN 
CORN POLLEN’ 


Epwin B. Kurtz, Jr., James L. LiveERMAN 
AND Henry TUCKER 


The finding of fossil pollen resembling corn pollen in archaeological 
and palynological sites has stimulated much interest in the origin, evolu- 
tion and anthropological aspects of maize (Barghoorn et al. 1954; Mangels- 
dorf 1958). Nevertheless, because of the great variability of size and the 
lack of distinguishing characters of corn pollen, it has been recognized 
that it is difficult to determine with any degree of reliability that a fossil 
pollen grain is corn. Barghoorn et al. (1954) attempted to resolve the prob- 
lem of corn pollen identification by making use of an axis/pore ratio to dis- 
tinguish pollen of Tripsacum, teosinte, and maize. Thus they determined 
approximate axis/pore ratios of these three plants to be, respectively, 4.0, 
5.4, and 6.1. On the basis of these ratios and the evidence they presented, 
Barghoorn et al. (1954) classified fossil pollen as that of corn in some 
Mexico City cores. The pollen determined to be corn occurred in sediments 
to a depth of 69 to 70 meters and may be as old as the lowan advance of the 
Wisconsin ice sheet. This would indicate that maize was present in North 
America before the practice of agriculture or the presence of man. This 
evidence was used by Mangelsdorf (1958) to support his conclusion that 
the ancestor of corn is corn and not teosinte or Tripsacum. 

An opportunity to test experimentally the criteria used to classify corn 
pollen by Barghoorn et al. (1954) was presented by the study of pollen 
from corn plants grown under a wide range of controlled environments 
in the Earhart Plant Research Laboratory (Went 1957). This paper pre- 
sents an analysis of the pollen collected-from these plants and an evaluation 
of the criteria used to identify a grass pollen grain as that of corn. Some 
effects of climate on corn pollen and the criteria of identification are also 
discussed. 


1Contribution from the Arizona Agricultural Experiment Station, Technical Paper 
No. 553. This work was begun while E.B.K. was a National Research Council Predoctoral 
Fellow and J.L.L. was a Lucey Mason Clark Predoctoral Fellow at the California In- 
stitute of Technology. 

2 The ratio was termed by Barghoorn et al. (1954) the pore-axis ratio and was 
described as follows: “. . . the ratio is determined by dividing the numerical value, in 
microns, of the long axis by the numerical value, in microns, of the pore.” The present 
authors feel that axis/pore ratio is a more appropriate term and it will be used through- 
out this paper. 
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Methods. Corn (Zea mays, Bikini out-crossed*) was grown in the Ear- 
hart Plant Research Laboratory under controlled day and night tempera- 
tures. Seedlings were selected for uniformity and four plants were grown 
in each experimental condition. Eight combinations of day and night tem- 
peratures were used, and plants in each of these conditions were grown 
with and without water stress (Table 1). That is, four plants in each of 


TABLE 1. Experimental environments in which the corn was grown. Day tempera- 
tures were for 8 hours, night temperatures for 16 hours. Four plants were grown in each 
environment. 





a Watering Treatment Photoperiod 
Environment aes ewe Se he 
No , - 
ios - . Water Natural 8 
Day Night Watered Stressed Daylength hours 
1 20 14 x xX 
2 20 14 x xX 
3 23 14 xX x 
4 23 14 x xX 
5 23 20 xX x 
6 23 20 xX x 
7 23 26 xX xX 
8 23 26 xX X 
9 23 17 xX x 
10 23 17 xX XxX 
11 26 20 xX X 
12 26 20 p xX 
13 30 14 xX xX 
14 30 14 xX x 
15 30 30 x X 
16 30 30 . X 


| 
» 





the eight environments received water and mineral nutrients daily and 
were never allowed to wilt. Four other plants in each environment received 
water and mineral nutrients only when the plants were severely wilted. 
These plants, hereafter designated as ‘‘water stressed,’’ apparently had 
sufficient mineral nutrients because no deficiency symptoms were observed. 

Pollen was collected from each of the four plants in each environment 
except Nos. 6, 8, and 16, where insufficient pollen was available for study. 
Also pollen was obtained from only three plants in environments 2 and 12. 
It is of interest that plants in environments 2, 6, 8, 12, and 16 were all 
water stressed. Pollen from each plant was acetolyzed by the usual pro- 
cedure (Erdtman 1943) and mounted in glycerin jelly. This procedure was 
also used by Barghoorn et al. (1954). 

Measurements, in microns, were made of the long axis and the diameter 
of the pore (including the annulus) of 10 pollen grains from each plant. 
A total of 80 measurements were therefore obtained from the four plants 
in an environment, with the exceptions already mentioned. Various sta- 


3 We wish to thank Dr. Howard Teas for the supply of corn seed. 
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TABLE 2. Frequency distribution of length of the long axis of corn pollen from 
plants in various controlled environments. 





Length of Environment No. 
e 


axis 1 “ 3 ™ 4 














2 5 7 9 10 11 12 13 14 15 # Ail 
u No. of observations 
80— 84 1 1 
| 85-— 89 2 2 5 
90— 94 1 2 1 2 6 
95-— 99 3 1 6 2 1 5 5 1 5 2 
100-104 1 1 4 4 5 6 2 3 6 7 39 
105-109 10 6 5 8 9 6 6 3 1 11 6 10 81 
110-114 s 14 5 6 14 12 8 10 4 10 9 10 110 
115-119 15 4 5 ll 5 2 s 2 8 4 4 S 5 81 
120-124 6 7 5 5 5 5 7 7 3 5 3 6 64 
125-129 1 3 4 4 3 1 1 2 2 1 1 23 
| 130-134 6 1 3 1 1 3 1 5 2 1 1 25 
135-139 4 1 1 1 1 1 9 
140-144 7 1 4 2 14 
145-149 7 2 1 10 
150-154 1 2 2 3 
Mean 
Length, 


uw 114.5 137.6 114.6 116.3 112.5 110.3 117.7 108.5 110.7 123.5 119.5 110.4 112.3 115.5 
tistical analyses were made of the measurements and they will be discussed 
in conjunction with the results. 

Results. Frequency distributions of the length of the long axis and the 
diameter of the pore were made for the observations from each environ- 
ment (Tables 2 and 3). The frequency distributions for both axis length 
and diameter of the pore varied considerably among the several environ- 
ments, suggesting that these conditions may have affected quantitatively 
the length and pore size of the pollen grains. In order to determine whether 


TABLE 3. Frequency distribution of the pore diameter (including annulus) of corn 
pollen from plants grown in various controlled environments. 


Environment No. 
Pore 5 Fa : 








— LL LT TT 


diameter 


1 2 3 + 5 7 9 10 ll 12 13 14 15 All 


No. of observations 





u 
12.6 1 1 
14.0 1 1 1 3 6 
15.4 1 3 4 3 4 7 1 3 5 5 36 
16.8 6 l 7 3 3 5 4 8 7 3 12 7 13 79 
18.2 7 4 9 8 10 8 3 16 16 3 13 9 ll 117 
19.6 4 5 11 18 6 4 ll s 6 3 3) 11 10 116 
21.0 11 12 10 5 13 15 19 S 16 2 4 1 116 
22.4 1 6 3 4 1 1 2 18 
23.8 1 2 1 1 1 6 
25.2 1 1 ] 2 5 
Mean 
Diameter 


uw 19.30 20.77 18.83 19.98 19.60 19.36 20.19 17.60 18.90 20.63 17.92 17.80 17.82 18.99 
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environment affected proportional changes in axis length and pore diameter, 
the axis, pore ratio was computed (Table 4). A comparison of the frequency 
distribution of the axis/pore ratio with those given by Barghoorn ef al, 
(1954) for Zea mays grown in the United States shows approximately the 
same range of values, but the results of the present study have a higher 
percentage of the values in the lower range. Thus the mean ratio obtained 
here is 6.12 compared with 6.37 according to the data of Barghoorn et al., 
and the standard deviation of the ratios are 0.50 and 0.68, respectively, 
The two populations of axis/pore ratios represented by the data of this 

TABLE 4. Frequency distribution of the axis/pore ratio of corn pollen from plants 


grown in varieus controlled environments. The ratios were calculated to the nearest 
even tenth. 





Axis/pore Environment No. 





ratio 1 82 2:8 ££ @ Be HB ws hm See 
No. of observations 

4.8 or 

less 1 1 1 2 1 1 7 
5.0 1 1 3 1 1 2 1 l 11 
5.2 2 1 2 2 5 1 2 2 5 2 5 29 
5.4 3 1 2 3 6 7 8 5 4 2 4 2 47 
5.6 9 1 5 4 7 5 S 4 6 2 4 4 59 
5.8 6 6 3 9 7 7 2 3 2 4 49 
6.0 8 2 7 6 5 8 3 6 7 4 2 1 3 64 
6.2 1 1 6 2 2 2 4 6 4 3 6 3 2 42 
6.4 2 4 3 5 3 1 1 5 5 2 10 2 2 45 
6.6 3 3 5 5 2 1 3 2 2 2 S 2 ll 51 
6.8 2 5 2 2 1 1 4 1 1 3 6 3 31 
7.0 1 4 1 2 1 1 1 2 4 4 4 25 
7.2 2 l 1 1 1 1 1 l a) 
7.4 l » 1 1 1 1 4 11 
7.6 l ] l 2 3 1 1 10 
7.8 1 l 2 1 1 2 1 9 
8.0 1 1 


or more 


Mean 5.98 6.66 6.12 6.20 5.77 5.74 5.84 6.18 5.88 6.02 6.68 6.27 6.35 6.12 
ratio 





study and of Barghoorn et al. may be regarded as being different, with less 
than a 1 in 100 chance for these results having been due to random varia- 
tion. Thus it is difficult to characterize modern corn pollen. Examination 
of the mean ratios from each environment shows that only two (Nos. 2 and 
12) exceeded that obtained by Barghoorn et al., and most of the other 
eleven values fall below the 95% confidence interval for the mean based 
on the data of Barghoorn et al. Had the environments affected similarly axis 
length and pore size, the expected ratios should have been relatively the 
same for all treatments.* Although the mean pore diameter was about the 


4 The correlation between axis length and pore diameter was also computed (Snedecor 
1956) to see what relationship between the two variables was present. The value r= 0.28 
is statistically significant, but represents a relatively low value for a useful measure of 
association, since r2, the proportion of variation of axis length associated with change 
in pore diameter, is less than 0.10. 
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same for both this study and that of Barghoorn et al., the mean axis length 
was considerably smaller in this study. 

Since it appears that axis length may be changed more than pore size 
under various environmental conditions, a new criterion is suggested to 
distinguish between relatively small effects of the environment. This eri- 
terion is the (axis)*/pore ratio which utilizes both measurements but gives 
additional weight to axis length, and it was computed for each grain studied 
(Table 5). The differences among frequency distributions are more dis- 


TABLE 5. Frequency distribution of the (axis)*/pore ratio of corn pollen from plants 
grown in various controlled environments, 














(axis)*/pore Environment No. 
ratio 1 8s 8 @ & St B58 8 - Soe eee 
< 450 1 2 1 4 
450-499 1 1 1 2 2 1 1 10 
500-549 2 2 6 3 5 4 3 4 4 33 
550-599 2 2 6 3 13 5 4 4 3 3 4 49 
600-649 12 l 8 2 .- 2 6 5 2 1 7 5 79 
650—699 11 1 8 5 12 6 7 6 9 l 8 8 5 87 
700-749 6 2 9 9 8 4 10 5 7 3 8 8 79 
750-799 4 2 6 4 l 2 4 4 4 ll s 5 55 
800-849 3 4 3 4 1 3 5 3 6 4 5 3 43 
850-899 1 ] 2 ] 1 3 9 
900-949 2 5 l 3 1 1 2 3 3 1 22 
950-999 4 2 1 1 2 2 12 
1000-1049 6 1 2 1 10 
1050-1099 2 2 
1100-1149 2 2 4 
1150-1199 2 2 
Mean 686 919 702 724 649 633 690 676 654 750 802 695 717 711 


ratio 


tinct in Table 5 than in Table 4, and the relative difference among means 
for the (axis)*/pore ratio is greater than for the axis/pore ratio. 

In order to determine if the results in the above tables represent real 
treatment effects and to compare thé relative value of the several measure- 
ments, the analysis of variance (Snedecor 1956) was used to make tests of 
significance to provide estimates of standard errors which would be useful 
in comparing mean values. A comparison of the mean square for plants 
from the same environment with the mean square for pollen grains from 
the same plant gave F values far in excess of the 1% tabular value, indicat- 
ing a real difference in the average size of pollen grains from plants in 
the same environment. The mean square for plants in the same environment 
was then used to test for differences among environments. At the 5% 
tabular F value, the F values obtained were sufficiently large to indicate 
that variation among the mean values for environmental treatments had a 
relatively small probability of having been the product of chance variation 
alone. The F values obtained for the axis/pore ratio and the (axis)*/pore 
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ratio are indicative of wider differences among treatment means than for 
the other two measures (axis length and pore diameter). 

To compare the individual means for environmental treatments, the 
multiple range criteria of Duncan (1955) were used (Table 6). For the 
four measurements used, differences between the extreme means in the 
arrays are significant, with no general subdivision into distinct grouping 
of environmental treatments. It does appear however, that large pollen 
grains are formed under conditions of low (20° or less) night temperatures, 
and small pollen grains are associated with high (23° or more) night 
temperatures. 

Comparisons of a more general nature were also made by grouping 
environments on the basis of watering procedure and photoperiod (Table 
7). These comparisons are not balanced with regard to temperature because 


TABLE 7. Effect of water stress and photoperiod on corn pollen characters. All mea- 
surements are in microns. The number of measurements is in parentheses. 
































LENGTH OF AXIS DIAMETER OF PORE 
Treatment Photoperiod 
8 hour Natural Mean 8 hour Natural Mean 
Daylength Daylength 
Watered 112.5(120) 114.9(200) 114.0 19.26(120) 18.83(200) 18.99 
Water 
stressed 116.3(40) 118.5(140) 118.0 18.98(40) 18.99(140) 18.99 
Mean 113.4 116.4 115.5 19.19 18.90 18.99 
AXIS/PORE RATIO (AXIS)?/PORE RATIO 
Treatment Photoperiod 
8 hour Natural Mean 8 hour Natural Mean 
Daylength Daylength 
Watered 5.88 6.15 6.05 662 710 692 
Water 
stressed 6.20 6.27 6.25 724 750 744 
Mean 5.96 6.20 6.12 677 726 711 








some of the treatments are missing and some combinations were not used 
for both watering treatments and photoperiod. In all cases, except for pore 
diameter of pollen from plants under an 8-hour photoperiod, the characters 
of pollen from plants that were water stressed or grown under natural 
photoperiods are largest. Although the differences are generally not statistic- 
ally different, the consistency of trend suggests the presence of a real effect 
of water stress and photoperiod on pollen characters. 

Discussion. Environmental Effects: Although the pollen used in this 
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study was obtained from plants grown under controlled greenhouse con- 
ditions, the complexity of interaction of photoperiod, water relations, and 
temperature apparently is largely responsible for the failure to obtain 
differences which would be discernible at the 5% level. The lack of balance 
in all of the effects makes it impossible to derive an orthogonal set of 
comparisons, but some evaluation can be made from a selection of the most 
prominent differences (Table 6). Measurements of pollen from environ- 
ments 2 and 13 were consistently large as compared with pollen from 
environments 5, 7, and 11. Plants in environments 2 and 13 received lower 
night temperatures than the others. This effect of night temperature on 
pollen size has also been noted for Lycopersicum esculentum and Xanthium 
canadense (Kurtz and Liverman 1958). 

Another factor which may have been responsible for the lack of marked 
environmental effects is disclosed by the analysis of variance of the data. 
This analysis showed a large variation among the four plants grown in the 
same environment. Since greenhouse conditions were controlled, in so far 
as it was possible for each of the four plants in an environment, it is sur- 
prising that this variance should be greater than among pollen grains from 
the same plant. Genetic variation among plants was reduced by the use of 
a known seed source, but this undoubtedly accounts for some of the varia- 
tion among plants. Also slight differences in uncontrolled micro-environ- 
ments of the plants may have produced marked differences in pollen 
characters. 

It may be noted from Tables 2 and 3 that few pollen grains had pore 
diameters in excess of 21 », whereas axis length was not sharply limited. 
This indicates that axis length of corn pollen is variable over a broad size 
range whereas pore diameter may be bounded on the upper end, thus 
affecting the range of axis/pore ratio values. 

In comparing the four characters used, both ratios are as good or better 
than axis length or pore diameter for arraying treatments. The axis/pore 
ratio and (axis)*/pore ratio give comparable results in arraying treatments, 
but the latter ratio discloses a slightly greater differentiating ability. 

Identification of fossil corn pollen: Because relatively few fossil pollen 
grains resembling corn are usually found in a given sediment, it is 
essential that the variation of each character used to classify the fossil 
pollen as that of corn be very small. Only in this way can the identification 
be made with a high degree of reliability. The results obtained provide 
the basis for an inference that changes in environment may affect axis 
length, pore diameter, and related characters sufficiently to make the pollen 
grains of Zea mays from different treatments appear to have been derived 
from more than one population. The question may be raised, therefore, as 
to the validity of classifying a fossil pollen grain with respect to species 
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without adequate information about the effect of environment on pollen 
of that species and of the environmental conditions under which the fossil 
pollen was formed. This generalization applies not only to the identification 
of corn pollen, but to certain other species, such as pollen of Pinus. 

Analysis of the data of Barghoorn et al. (1954) suggests that a simple 
discriminant between teosinte and maize using an axis/pore ratio of 5.7 
would result in misclassification of 12% of the individual values of the 
sample distributions and up to 20% assuming a normal distribution of 
pollen size characters. Of the 14 fossil pollen grains in the 69-70 meter 
stratum which Barghoorn et al. have chosen as being sufficiently well-defined 
to classify as maize, 4 grains (28%) are below the critical axis/pore ratio 
of 5.7. Of the remaining 10 grains, only 5 are sufficiently large in both axis 
length and pore diameter as well as axis/pore ratio to be classified as 
maize with a high degree of reliability. Moreover, as an illustration of 
how one could misclassify fossil pollen on the arbitrary basis of an axis/pore 
ratio of 5.7, in the present study 31% of the axis/pore values fall below 
5.7. Since the material used was known to be Zea mays, it appears that the 
axis/pore ratio fails to deseribe the characteristics of maize pollen with a 
high degree of reliability. Indeed, using the axis/pore ratios from 
Barghoorn et al. (1954) for Tripsacum and teosinte, individual corn pollen 
grains in the present study could be classified as Tripsacum, teosinte, or 
corn. Thus, as shown by the effects of environment on corn pollen, if the 
plants from which the fossil pollen was derived grew under extreme climatic 
conditions, the degree of reliability of identification of the pollen would be 
very poor. 

This lack of differentiation may be due to the choice of measure, and 
the (axis)*/pore ratio offers some improvement over other measures, but 
more refined techniques are necessary before a single fossil pollen grain 
ean be classified as corn with a low probable error. 


SUMMARY 


1. Corn (Zea mays, Bikini out-crossed) was grown in 16 controlled 
environmental conditions. Pollen from plants in 13 of these conditions was 
acetolyzed and the axis length and diameter of the pore (ineluding the 
annulus) were measured. A total of 500 grains was studied. The axis/pore 
and (axis)*/pore ratios for each grain were calculated. 

2. Because axis length was changed more by environment than pore 
diameter, the (axis)*/pore ratio was proposed as a measure to give addi- 
tional weight to changes in axis length. This ratio gave greater differences 
between means of size characters of pollen from different environments. 

3. Statistical analysis of the effects of environment on corn pollen 
showed that pollen size varied inversely with night temperatures. Analysis 
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of variance showed that there was variation of pollen among plants in the 
same environment, suggesting that genetic variability and micro-environ- 
ments may have marked effects on corn pollen characters. 

4. Environmental changes affected axis length and pore diameter suf- 
ficiently to make the pollen grains from different environments appear to 
have been derived from more than one population. On the basis of a simple 
discriminant which has been used by other workers to differentiate pollen 
of corn from teosinte and Tripsacum, 31% of the corn pollen from the 
various environments could have been classified as teosinte or Tripsacum, 

5. Some problems associated with the classification of a fossil pollen 
grain as that of corn were discussed. The data in the present study do not 
refute the findings of Barghoorn et al. (1954) but indicate the need for 
more reliable methods for the identification of corn pollen. 
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SOME OBSERVATIONS ON THE SPIKELET OF 
HIEROCHLOE ODORATA 


Knut J. Norstoa' 


During the summer of 1958 the writer spent several weeks in Iceland 
during which time specimens of Sweetgrass, Hierochloé odorata (L.) 
Beauv., were collected in several localities. A visit to Slattnes, a very small 
island in Lake Myvatn in northern Iceland, resulted in the collection of 
four rather robust looking specimens of this interesting grass. These upon 
later examination proved to be abnormal with respect to certain structures 
of the spikelet. 

Observations.—It was found that two of the four specimens from 
Slattnes possessed spikelets having four florets each; the third plant was 
intermediate having spikelets with four florets only in the upper part of 
the inflorescence, while the fourth specimen had normal spikelets of three 
florets. In normal spikelets of Hierochloé the first two florets are male and 
each has three stamens; the terminal third floret is perfect and has just 
two stamens. In the abnormal plants from Slittnes the first two male 
florets also have three stamens each, but the perfect third floret has three 
stamens rather than two and, in addition, there is a perfect fourth floret 
with two stamens. These characteristics are illustrated in figure 1. 

The Slattnes plants thus are different in two ways: the spikelets have a 
perfect fourth floret of reduced size, and the third floret has three stamens 
instead of the usual two. Dr. Thorv. Sérensen (personal communication) of 
the Universitetets Botaniske Laboratorium, Copenhagen, considerately ex- 
amined 44 specimens of Icelandic Hierochloé odorata in the collections 
of that institution and found that a plant collected by Gréntved on Slittnes 
in 1935 was of the kind having four florets per spikelet. The only other 
anomalous specimen S¢érensen found was one from Médruvallanes which 
had spikelets made up of one staminate and two perfect florets. 

It should be mentioned here that the writer has found no deviations in 
floret number in his specimens of Hierochloé odorata collected in other 
parts of Iceland nor has he observed such anomalies in any of his collec- 
tions of this grass made in the United States. The plants collected on 
Slittnes probably come from a well established clone in which culms bear- 


1 The writer wishes to express his appreciation for the assistance given him by Mr. 
Thrann Léve of Reykjavik. The study was supported by the Esso Corporation through 
a gift to Wittenberg University and by a grant, G-3212, from the National Science 
Foundation. 


95 






































96 BULLETIN OF THE TORREY BOTANICAL CLUB (VOL. 87 1960] 


ing spikelets of four florets must be quite commonplace. Such variant plants that 
have been in existence on Slattnes for at least 24 years and it is possible . tion, 
that their history is much longer than that. Fest 
Discussion.—Traditionally the grasses have been divided into two sub- R 
groups on the basis of a number of morphological characteristics. Hitchcock classi 
(1950) refers to these as the Subfamilies Festucoideae and Panicoideae, by w 
The grasses that he places in the Festucoideae are, generally speaking, Hiere 
those in which the spikelet has reduced florets above the perfect florets. the I 
Those having one perfect terminal floret with a staminate or neuter floret Poatz 
below are placed in the Panicoideae. Additional characteristics, of course, line « 
are also used by Hitchcock and others in determining the memberships of spike 
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the Subfamilies. Stebbins (1956) reviews and summarizes the results of a 
number of recent studies based on anatomical, cytological and physiological 
evidence which have further delineated the affinities of various tribes of ) 
grasses. In the past the members of the Phalarideae have been something than 
of a problem for, although it is now recognized that they belong to the secon 
Festucoideae where they are placed both by Hitchcock and Stebbins, they tinct 
seem to possess spikelets of the Panicoid type. This is most apparent in the u 
Phalaris minor which, by reason of its single perfect terminal flower sub- h 
tended by just one neuter floret might be placed in the Panicoideae if only fect 


the structure of the spikelet were considered. It must be said here, however, The | 
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that in such diagnostic characteristics as the manner of spikelet articula- 
tion, leaf anatomy and embryo structure the Phalarideae are obviously 
Festucoid. 

Riecken (1929) refers to this seemingly paradoxical situation in the 
classification of the Phalarideae and has, to an extent, resolved the problem 
by working out the developmental morphology of the spikelets of Phalaris, 
Hierochloé and Anthoxanthum. In these studies he correctly assumes that 
the Phalarideae should be placed in the Festucoid group (here termed 
Poatae) because the basal florets are formed first. He states: ‘‘A sharp 
line of distinction may be drawn between a group of genera in which the 
spikelet is indeterminate and the other in which it is determinate. In the 
one (Poatae) the lower floret is most advanced in development and abortion 
is most likely to occur at the top; in the other (Paniceae), this order is 
reversed. Though in an indeterminate inflorescence the abortion of parts 
is most likely to occur at the top, yet in the Phalarideae the abortion has 
occurred below the developed floret. However, the order of development 
still holds for the lower members are the most advanced.’’ 

Although the Phalarideae seem now to be quite securely placed in the 
Festucoid group of grasses the writer feels that additional evidence of this 
relationship would be welcome, particularly if having a bearing on the 
nature of the spikelet structure. Riecken’s problem of the lack of deter- 
minacy of the spikelet in the Phalarideae seems to be solved by the dis- 
covery of specimens of Hierochloé odorata having a perfect fourth floret 
of reduced size above a perfect third floret in which there are three rather 
than two stamens. This is evidence that the florets of Hierochloé may be 
considered as being of an indeterminant number as are those of other taxa 
in the Festucoid group. It would appear that in the Phalarideae the reduc- 
tional tendencies in the spikelet operate in two directions to produce sterili- 
zation of the basal florets and abortion of the terminal florets. Obviously 
this has proceeded about as far as it can since, with the exceptions noted 
above, the members of the Phalarideae are characterized as having only 
one perfect floret per spikelet. 


SUMMARY 


Specimens of Hierochloé odorata having four florets per spikelet rather 
than the usual three were collected in Iceland. In these plants the first and 
second fiorets are staminate; the third and fourth are perfect. Other dis- 
tinctions are the presence of three stamens in the third floret rather than 
the usual two and the reduced size of the fourth floret. 

In the classification of grasses the presence in the Phalarideae of a per- 
fect floret subtended by wholly or partially sterile florets has been a puzzle. 
The Phalarideae clearly are Festucoid in most characteristics ; however the 
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spikelets resemble the Panicoid type. It is suggested that the structures of 
the spikelets herein described reveal their true Festucoid nature. 


BroLoGgy DEPARTMENT, 
WITTENBERG UNIVERSITY, 
SPRINGFIELD, OHIO 
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THE TETRAKAIDECAHEDRON AND RELATED CELL 
FORMS IN UNDIFFERENTIATED PLANT TISSUES 


LAZARUS WALTER MACIOR 


Introduction. The polyhedral forms of plant cells have been the subject 
of study of many biologists since the seventeenth century. Early descrip- 
tions of these forms often employed comparisons with various similar macro- 
scopic structures of a biological or physical nature. Realizing a general uni- 
formity in cellular form in any one tissue, investigators have attempted to 
postulate a single polyhedral form which could represent the fundamental 
unit of a geometrically regular aggregation to which groups of actual cells 
might be compared. One such hypothetical unit is the orthic tetrakaideca- 
hedron, having fourteen faces, eight of which are regular hexagons and six 
of which are regular quadrilaterals. Plant cells have curved edges and un- 
dulant faces; a modification of the fundamental polyhedron, the minimal 
tetrakaidecahedron, had previously been proposed by Lord Kelvin. This 
minimal form has regularly curved edges and uniformly undulant hexagonal 
faces. 

The present investigation is a sequel to a study of curvatures of tetra- 
kaidecahedral cells in the leaf parenchyma of Rhoeo discolor (Macior and 
Matzke, 1951). The purpose of this study is to compare tetrakaidecahedral 
cells from columnar parenchyma in various plant organs, the plants repre- 
senting different taxonomic groups within the angiosperms. A comparison 
of these cells with cells from a parenchyma not having a regular columnar 
orientation is also afforded. Fourteen-faceted cells differing from these 
tetrakaidecahedra have also been studied in regularly and irregularly 
oriented parenchyma in order to find possible relationships to the tetrakai- 
decahedra which might suggest the mode of origin and differentiation of 
their polyhedral form. 

This paper is an abbreviated modification of a thesis submitted in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy at 
the University of Wisconsin. 

The author wishes to express sincere thanks to Professor Emma L. Fisk 
of the University of Wisconsin Botany Department for suggestions made 
in connection with her reading of the original thesis manuscript and to 
Professor Edwin B. Matzke of the Botany Department of Columbia Uni- 
versity for critically reading the original and modified manuscripts and for 
his valuable corrections and comments. 

Literature Review. The classic comparison of cork cells to the hexago- 
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non-columnar arrangement of compartments in the rachis of a feather. 
Several years later Grew (1682) observed that ‘*barque’’ parenchyma cells 
were comparable to froth units, and he noted the differences in the size of 
pith cells arranged in columns parallel to the long axis of a root in various 
plants. The shapes of the cells were recorded as round, cubical, pentagonal, 
hexagonal, and heptagonal. Malpighi (1687) studied the cellular structure 
of several plants noting the unequal sizes of the cells and their angular 
form. Mirbel (1802) noted the regularity of tissue form which presented 
hexagonal outlines in transverse and longitudinal sections comparable to 
compartments in a honeycomb. He attributed the origin of plant cell forms 
to mutual expansion of cells during development and figured three-dimen- 
sional polyhedral forms which might be suggested by the tissue sections. 
Kieser (1814) figured a longitudinal section of the stem of Impatiens Bal- 
samina L. showing hexagonal columns of cells in the cortex and pith regions 
comparable to the compartments of honeycomb and said to approach the 
form of a double hexagonal pyramid with truncated apices, later described 
by Duchartre (1867). This same form together with a dodecahedron having 
eight quadrilateral and four hexagonal faces was figured in Mirbel’s (1815) 
work the following year. Kieser (1814, 1818) maintained that the truncated 
double hexagonal pyramid arose in tissues by mutual compression of origi- 
nally spherical or elliptical expanding cells according to mathematical laws. 
Such an origin of polyhedral cell forms was also advocated by DeCandolle 
(1827), and Gray (1836) suggested that this would produce 12-faceted cells 
hexagonal in cross-section. Kieser (1818) also suggested the rhombic dodeca- 
hedron as a fundamental type of cell form, and Schleiden (1838, 1845) and 
Oken (1847) coneurred with his opinion. The first four editions of Gray’s istem 
textbook (Gray, 1842-1853) asserted a 12-hedral form for cells, and a fifth more 
edition (1868) added illustrations of rhombie dodecahedra representing volun 
plant cells. Schleiden (1861) later suggested that regular cellular configura- dron 
tions, as in pith tissues, would arise only under uniform developmental con- stices 
ditions. LeMaout (1844) had previously indicated variations of form in regul 
plant cells and related these variations to the manner of cellular juxtaposi- dron 
tion during development. He suggested the dodecahedron as a fundamental 1,105: 
form for cells and figured an aggregate of seven irregular cells from plant rhom 
tissues. Duchartre (1867) was one of the first to suggest that cells in uni- 83) h 
form tissues are fundamentally 14-faced. kaide 

The consideration of crystal aggregates has afforded suggestions of pos- stack: 
sible theoretical forms of plant cells. In a paper by Fedorow (1896) re- and ) 
viewed by Tutton (1911, 1924) it was shown that each of five plane-faced F 
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parallelohedra could compose uniform aggregates. These forms include the 
eube (Fig. 74), hexagonal prism (Fig. 75), rhombic dodecahedron (Fig. 
76), elongated dodecahedron (Fig. 77), and cubo-octahedron (Fig. 78). The 
last-named polyhedron is often thought of as resulting from the truncation 
of an octahedron by a cube so that the edges of the former are trisected (Fig. 
79). Kelvin (1894, 1904), in speaking of the structural geometry of molecu- 
lar arrangements in crystals, described this solid under the name ‘‘tetrakai- 
decahedron.’’ Hatschek (1917) considered the possibility of simple regular 
distortions of an aggregate of such forms and the resulting increase of sur- 
face of the individual units, and in the same year Thompson (1917) re- 
jected the tetrakaidecahedron in favor of the rhombic dodecahedron as the 
more probably fundamental form of parenchymatous plant cells. Millis 
(1918), in the following year, asserted that tetrakaidecahedra of uniform 
size could not be aggregated without spaces between the individual units. 
Serious study of actual three-dimensional forms of plant cells was under- 
taken by Lewis (1923). Among 100 pith cells of Sambucus canadensis he 
found sixteen 14-hedra, none of which had the kinds and arrangement of 
faces of the tetrakaidecahedron of Kelvin. The average number of faces per 
cell, however, was 13.97, and Lewis concluded that variations in number, 
shape, and arrangement of faces of the cells studied were consistent with 
the typical tetrakaidecahedral form. In the following year Tupper-Carey 
and Priestley (1924a), without observing the actual shapes of the cells, con- 
cluded that the cells in the radicle of Vicia faba were tetrakaidecahedral. 
The stellate pith cells of Juncus effusus were interpreted by Lewis (1925) 
as being derived from tetrakaidecahedra through secondary modification, 
and Maas Geesteranus (1941) extended and supplemented the study of the 
development of this tissue with observations on analogous physical systems. 
Scott et al. (1948) have interpreted stellate cells in the leaf parenchyma of 
Citrus sinensis as originating from fundamentally tetrakaidecahedral meri- 
istematic cells. Lewis (1926a) calculated that the tetrakaidecahedron is 
more economical in its surface area than a rhombic dodecahedron of equal 
volume but that it is slightly less economical than the pentagonal dodecahe- 
dron (Fig. 80), identical units of which cannot be aggregated without inter- 
stices (Fig. 84). If a sphere has a unit surface area, the surface areas of 
regular polyhedra of equal volume will be as follows: pentagonal dodecahe- 
dron 1.0984, orthic tetrakaidecahedron 1.0987, and rhombic dodecahedron 
1.1050 according to Lewis (1926a). The possibility of aggregating uniform 
rhombic dodecahedra (Fig. 81) and elongate modifications of them (Fig. 
83) has not been contested, but Millis (1926) reiterated his claim that tetra- 
kaidecahedra of equal volume cannot be aggregated without interstices. The 
Stackability of tetrakaidecahedra (Fig. 82) was then proven by Gross (1927) 
and Matzke (1927). 
From cross and longitudinal sections of cork tissue Lewis (1928b) inter- 





102 BULLETIN OF THE TORREY BOTANICAL CLUB (VoL. 87 


preted cork cells as fundamentally tetrakaidecahedral in origin, and two 
years later a study by Hein (1930) of the pseudoparenchyma of fungal 
sclerotia concluded with the interpretation of the cell forms as typically 
tetrakaidecahedral. The origin of these polyhedral cell shapes in pseudo- 
parenchyma is, however, much different from that of cells derived from 
meristems in higher plants. Lewis (1935) has also interpreted tracheids in 
pine as modifications of a fundamental tetrakaidecahedron produced by 
elongation and bending so as to increase the number of faces on the cell from 
fourteen to eighteen and twenty-two. Although many studies on plant and 
animal cells were carried out supporting the concept of the tetrakaidecahe- 
dron as the fundamental form of cells, Thompson (1942), in the second edi- 
tion of his work, considered both the rhombic dodecahedron and tetra- 
kaidecahedron as fundamental types for plant parenchyma, the cube for 
cambium tissue, and the hexagonal prism for epithelial tissue. Interpreta- 
tions of parenchymal cells by Priestley (1928, 1929) and Sifton (1944) are 
comparable to those of Thompson. Matzke (1950) has indicated several 
sources of error in such ambiguous interpretations. 

The aggregation of tetrakaidecahedra has been studied by Marvin 
(1936), who established two formulas to express the regularity of increase 
in an aggregate. Glaser (1938, 1941, 1945) and Glaser and Child (1937) 
have related these formulas to the formula expressing organic growth. The 
relationship between the rhombic dodecahedral and _ tetrakaidecahedral 
forms in aggregates has been studied by Hancock (1938) and Naum and 
Matzke (1955). 

Early explanations of the origin of polyhedral cell forms by expansion 
and mutual compression of originally spherical or elliptical cells have arisen 
from and given rise to many experiments on the compression and expansion 
of aggregates of plastic solids. Hales (1727) was convinced by his experi- 
ments that peas swelling under pressure would take on a reasonably regular 
dodecahedral shape. Later Buffon (1753) stated that peas may become like 
six-sided prisms upon swelling under pressure. Turpin (1829) presented a 
comparison of tissues with various degrees of cellular compactness. The least 
compactness revealed spherical cells with wide spaces between each other. 
A greater degree of close aggregation produced polyhedral cells with small 
intercellular spaces. A perfect cellular tissue was illustrated as having no 
intercellular spaces and being composed of individual units resembling the 
truncated double hexagonal pyramid of Kieser (1814). Barlow (1897) sug- 
gested that identical spheres in closest packing might be arranged in various 
ways to produce different symmetrical patterns of polyhedra upon compres- 
sion. Gane (1930) concluded that closest packing of spheres wherein twelve 
units would surround a central one would yield an aggregate of 14-faceted, 
and not 12-faceted, polyhedral forms. Lewis (1936, 1937a) contrasted the 
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general average of fourteen faces per cell in tissues with the general average 
of twelve faces per polyhedron in aggregates of plastic bodies such as peas 
subject to compression. Marvin (1937, 1939b) investigated the effect of 
pressure on lead shot of uniform size and found that if such lead spheres 
are poured at random into a cylinder and compressed the number of faces 
per central unit increases from 8.4 to 14.17 with increasing pressure up toa 
point at which all interstices are eliminated. If the spheres were regularly 
arranged with each unit resting equally upon three units, compression 
transformed the shot into an aggregate of generally uniform rhombic dodee- 
ahedra. It was noted that in the central shot of a compressed random ag- 
gregate the proportion of tetrahedral angles on the resultant polyhedra was 
1:93. Since dry peas made to swell in a closed container until interstices 
were eliminated averaged 12.13 and 12.14 faces per unit in aggregates of 
200 and 400 units respectively, Lewis (1937b) explained this deviation from 
the 14-faceted condition of Marvin’s polyhedra by the fact that the peas 
retained a much higher proportion of tetrahedral angles, which would in- 
crease the number of faces on the peas to roughly fourteen if the tetrahedral 
angles were resolved into pairs of trihedral angles. Matzke (1939) comple- 
mented the study of Marvin with an investigation of the effect of compres- 
sion on heterogeneous aggregates of lead spheres of different sizes. Although 
the general average of faces per resultant polyhedron varied from 13.0 to 
13.8 with varying proportions of spheres of different sizes, the smaller 
polyhedra were found to have consistently less than fourteen faces while 
the larger polyhedra always had more than fourteen faces. These results 
were applied to interpret the effect of contact and pressure on cell shape in 
associations of cells of different sizes in undifferentiated plant tissues. 
Escher (1940) suggested an arrangement of plastic spheres which would 
yield elongated dodecahedra upon compression in addition to the usual 
“cannon ball stacking,’’ which yields rhombic dodecahedra. 

Previous comparisons of plant cells to liquid froth have stimulated in- 
vestigations of cellular structure in terms of physical phenomena exhibited 
by thin liquid films. Studies by Lamarle (1865, 1867) led to the formulation 
of several generalizations regarding the behavior of liquid films. They are: 
(1) in every fluid system of thin films in stable equilibrium the sum of the 
areas of the films is a minimum; (2) the area of each film is a minimum 
within the limits which cireumscribe it; (3) the mean curvature is constant 
at every point of the same film; it is zero when external pressures are equal 
on both sides of the film, and in other cases it is proportional to their differ- 
ence. Other principles concerning the relationships between films were estab- 
lished as follows: (1) the films proceeding from one fluid edge are three in 
number ; (2) the edges proceeding from one liquid point are four in number; 
(3) the films proceeding from one fluid edge meet each other at equal angles, 
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and edges proceeding from one fluid point meet each other at equal angles, 
The angle of meeting of the films is 120°, while the angle of meeting of the 
edges is that angle the cosine of which is — 14. The latter angle is approxi- 
mately 109° 28’ 16”. Lamarle discussed the geometric configurations of poly- 
hedra and noted the slight differences of these angles of face and edge inter- 
section of the regular dodecahedron, in which two edges meet at an angle 
of 108° and two faces meet at an angle the tangent of which is — 2. The latter 
is approximately 116° 33’ 54”. Plateau (1873) demonstrated these principles 
by simple but conclusive experiments with soap films suspended on tetra- 
hedral and cubical wire frames. In considering the division of space into 
identical units with minimum partitional area, Kelvin (1887, 1894) ineorpo- 
rated the conclusions of Lamarle and Plateau. The rhombic dodecahedron 
was considered as a possible space-filling unit. The twelve regular rhombie 
faces of the polyhedron have angles of 70° 31’ 44” (cos"*14) and 109° 28’ 16” 
(cos — 14). The acute planar angles meet in a tetrahedral angle while the 
obtuse planar angles meet in a trihedral angle. Six tetrahedral and eight 
trihedral angles compose the total of fourteen polyhedral angles in the 
rhombie dodecahedron. All adjacent faces intersect at dihedral angles of 
120°, but the instability of tetrahedral angles in liquid films eliminated the 
rhombic dodecahedron as a space-partitioning form. In its place was substi- 
tuted the plane-faced isotropic (later designated as ‘‘orthic’’) tetrakaideca- 
hedron (Fig. 78), a 14-faceted solid having eight regular hexagonal planar 


faces and six square planar faces. All thirty-six edges of the figure are equal. 
The facial angles are of two kinds, viz., 90° in the square faces and 120° in 
the hexagonal faces. Two hexagons intersect in each of twelve edges at an 


Md 


angle of 109° 28’ 16”, and a square intersects a hexagon in each of twenty- 


95° 


four edges at an angle of 125° 15’ 52”. To realize such a geometrical form in 
stable liquid films Kelvin proposed an alteration of the straight edges to a 
curved form. The curvature, although not equal at every point along each 
edge, is roughly 19° 28’ of cireular are. With such edge curvatures the 
square faces remain planar but have outwardly curved edges. The remain- 
ing twelve edges—the intersections of pairs of hexagonal faces—curve in- 
ward in three planes passing through the parallel diagonals of opposite pairs 
of square faces. Each hexagonal face is thereby distorted so that only its 
three diagonals are in the original plane while its surface is divided into six 
segments forming a regular, undulating configuration (Fig. 62-64). That a 
very close approximation of this minimal tetrakaidecahedron has 0.103 per 
cent less surface area than the orthic form of equal volume was demon- 
strated by Lifshitz (1943). A form of the orthic tetrakaidecahedron modified 
by homogeneous strain was designated by Kelvin (1894) as ‘‘orthoid.’’ 

In applying the results of surface tension studies in liquid films to the 
interpertation of cell form in plant tissues, Berthold (1886) followed the 
principle of minimal surface areas but carefully drew the distinction be- 
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tween the homogeneity of liquid films in physical systems and the variation 
in thickness and plasticity of cell walls in plant tissues. Consequently Ber- 
thold restricted the application of the minimal areas principle to cells with 
thin, plastic walls, as in meristems, where the newly formed partitions might 
be adjusted into a minimal configuration by surface forces. Errera (1886, 
1888) applied the principle to the same kind of cells and concluded that 
‘*At the moment of its formation a cell membrane tends to take on the form 
that would be assumed under the same conditions by a liquid film devoid of 
weight.’’ deWildeman (1893-1894) concurred with Errera and Berthold 
and ascribed the orientation of new cell partitions to the ‘‘molecular forees’’ 
comparable to those stabilizing the forms of liquid films under tension. 

Biitschli (1892, 1901) interpreted microscopic foams and protoplasmic 
alveoli according to the principles of Lamarle and Plateau. He assumed that 
although the facial angle of 108° and the dihedral angle of 116° 33’ 54” of 
the regular dodecahedron (Fig. 80) prevented its being accepted as a funda- 
mental space-filling unit in aggregates, modification of its form in accord 
with the principle of minimal areas might change the dihedral angle to 120° 
and the facial angle to 109° 28’ 16” as in a stable aggregate of liquid films. 
Seifriz (1930) suggested that protoplasmic alveoli are fundamentally rhom- 
bic dodecahedra like the forms which Buffon (1753) was supposed to have 
found in compressed peas. This form was favored for the stable equilibrium 
of its trihedral angles, but its unstable tetrahedral angles were not men- 
tioned. The minimal tetrakaidecahedron of Kelvin was said to be inapplica- 
ble to liquid droplets and therefore also inapplicable to protoplasmic alveoli. 
This opinion was analyzed by Lewis (1931) in the following year. Later 
Seifriz (1936) asserted that studies on plant cells led to the conclusion that 
the orthic tetrakaidecahedron ‘‘is the most common form among plant 
eells.’’ The minimal form was not suggested. 

Experiments on soap films by Dewar (1918) produced columnar aggre- 
gates of bubbles having a close resemblance to columnar plant parenchyma. 
Van Iterson and Meeuse (1941) suggested that bubbles in regular columnar 
array would be minimal tetrakaidecahedra, and later Dodd (1955) was able 
to produce a series of bubbles in an aggregate which closely approached the 
minimal tetrakaidecahedral form. Bok’s (1940) studies on froth chambers 
led him, like Desch (1919), to believe that under the principles of Lamarle 
and Plateau the regular dodecahedron would be the form approached by 
such chambers. Bok’s four arguments in favor of this conclusion were: (1) 
the interfacial angles and angles between the edges of such a form most 
closely approach those of the condition of liquid film stability; (2) only in 
such a form with slight modification do three planes meet in an edge and 
four edges in a point; (3) aggregates of twelve spheres about a central one 
should approach a regular dodecahedron upon compression ; (4) the regular 
dodecahedron—with twelve pentagonal faces—can explain the predomi- 
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nance of pentagonal faces in aggregates of froth chambers. Yet Bok was 
forced to conclude that regular dodecahedra of equal size could not be ag- 
gregated without leaving spaces between units of successive layers (Fig. 
84), and he had recourse to the addition of various forms to compensate for 
the cumulative distortion of the aggregate. It remained for Matzke (1945, 
1946) and Matzke and Nestler (1946) to study the polyhedral shapes of 
bubbles in foams statistically. Their results indicated that although central 
bubbles in a uniform aggregate average close to fourteen faces (13.70) per 
bubble, the predominance of pentagonal faces and the not uncommon oe- 
currence of pentagonal dodecahedra failed to indicate the tetrakaidecahe- 
dron as a fundamental form under the conditions there outlined. Aggregates 
of more than one size bubble also gave an average close to fourteen faces 
per unit, but smaller bubbles averaged less than fourteen while larger bub- 
bles averaged more than fourteen. These investigators concluded that sur- 
face tension forces are important in the determination of cell shape in plant 
tissues, which resemble bubble aggregates statistically. 

The importance of surface forces was recognized in cell division and de- 
formation (Roux, 1897 ; Robertson, 1909 ; Landahl, 1942a, 1942b), and Lewis 
(1949a) suggested that surface tension, geometric necessity, cell division, 
turgor, and organization are the five paramount factors upon which the 
shapes of primitive cells in masses depend. Geometrical necessity for a poly- 
hedral form is stated in the proposition of Euler (1752-1753) that ‘‘in 
every solid bounded by plane surfaces the number of solid angles plus the 
number of surfaces exceeds the number of edges by two.’’ Goldberg (1934) 
has discussed the minimal surface-volume relationships of polyhedral forms 
meeting Euler’s requirements. Gray (1931) has suggested that cells may 
expend energy in preventing the normal operation of surface tensions in 
their development. 

The operation of surface forces in other physical systems of polyhedral 
aggregation was also studied. In addition to his study of liquid films, Deseh 
(1919) made observations on the polyhedral forms of grains of brass solidi- 
fied from the liquid state. The resemblance of these grains—with their pre- 
dominance of pentagonal faces—to foam cells led him to the conclusion that 
surface tension played an important part in the determination of their 
form. Smith (1948) considered the role of surface tension in the growth of 
metal grains during alloy crystallization and concluded that such tension 
provided the driving force for grain growth. The curvatures of grain edges 
and the rarity of four-rayed vertices in sections of single-phase alloys led 
him to believe that equilibration of surface tensions between phase and 
grain interfaces along their lines of juncture would tend to produce a grain 
form approaching that of the minimal tetrakaidecahedron of Kelvin. This 
form was considered by Williams and Smith (1952) as the only one satisfy- 
ing the conditions of surface tension and space-filling for metal grain ag- 
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gregates. Their study of an aluminum-tin alloy revealed that 4 per cent of 
the polyhedral angles were tetrahedral. This and other factors indicated 
that the metal configuration deviated from an ideal surface tension array, 
a departure reflected in the average of 12.48 faces per metal grain instead 
of fourteen as in the theoretical tetrakaidecahedron. Statistical studies on 
metal grain structure have also been carried out by Hull and Houk (1953). 

The effect of cell division and cell size on the form of cells has been 
studied in plant tissues and by analogy in physical systems. Lewis (1926b) 
considered the effect of cell division on the shape and size of epithelial cells 
so as to maintain an average hexagonal reticulum in surface view. He sug- 
gested that the hexagonal prism is the shape assumed by cells in a simple 
epithelial layer since such a form has the least surface-volume ratio of any 
polyhedron which can be joined to identical units in a surface configuration. 
A comparison of polygonal mosaies of an artificial emulsion with plant and 
animal cellular surface mosaics by Lewis (1931) demonstrated their geo- 
metric similarity and led to the conclusion that all the geometric resem- 
blances were expressions of the conflicting forces of surface tension. The pro- 
duction of uniform edges and uniform angles of mosaic units appeared 
incidental to adjustments favoring uniform size of the units. The average 
length of side and average number of sides per polygon appeared related 
directly to the average area of the polygons. The observed rarity of four- 
rayed vertices and consistent average hexagonal form of the mosaic unit in 
a surface reticulum were considered mathematically by Graustein (1931). 
Lewis (1928a, 1930, 1933, 1943¢) continued studies on the interrelationships 
of growth, cell division, and cell shape in plant epidermis and capillary 
endothelium of animals. Matzke (1947) found that epidermal cells of Aloe 
aristata averaged close to six (5.989) sides per surface polygon and almost 
eleven (10.885) faces per polyhedral unit. The regular alternation of hex- 
agonal and quadrilateral contacts with subepidermal cells approximately 
equal in size to the epidermal cells and the frequency of a form having four 
quadrilateral, four pentagonal, and three hexagonal faces suggested the in- 
terpretation of the epidermal cells in terms of a bisected tetrakaidecahedron. 
In a study of the epidermal cells of the apical meristem of Anacharis densa 
(Elodea), Matzke (1948) discovered an average of 10.005 faces per cell. 
This smaller average number of faces found in epidermal cells, like that 
found in similar cells of Tradescantia (Lewis, 1930) and Cucumis (Lewis, 
1928a, 1930), was correlated by Matzke (1948) and Lewis (1949b) with the 
relatively larger size of the subepidermal cells in these tissues. This relation- 
ship was analyzed further by Lewis (1950) in the following year. A study 
of 100 telophase epidermal cells from the apical meristem of Elodea by 
Matzke (1949) demonstrated a change in average faces per cell from 11.67 
in these cells to 9.26 in their 200 daughter cells. Mozingo (1951) observed 
the division process in living epidermal cells of the apical meristem of 
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Phleum pratense roots and found an average of 11.26 faces per cell before 
division and 9.25 faces per cell in the offspring. The latter cells increased 
their average number of faces to 11.43 during subsequent growth and divi- 
sion of neighboring cells, and this average dropped to 9.23 faces per cell in 
the second generation of daughter cells. Deviations from these averages were 
found in more mature epidermal cells (Mozingo, 1954) which undergo 
incipient modification of form associated with divergent functions. 

The polyhedral shape of internal undifferentiated plant cells has also 
been studied statistically in several tissues (Dodd, 1944; Duffy, 1951; Flint, 
1951; Higinbotham, 1942; Holtzman, 1951; Hulbary, 1944, 1948; Marvin, 
1939a, 1944; Matzke and Duffy, 1955) with the general conclusion that un- 
differentiated cells of equal sizes in homogeneous aggregates tend to have 
an average number of faces per cell close to fourteen; this average is also 
maintained in heterogeneous size assemblages under which conditions the 
smaller cells average less than fourteen and the larger cells average more 
than fourteen faces each. Matzke (1956) and Matzke and Duffy (1956), 
in studies of the progressive change in three-dimensional shape of internal 
cells of apical meristems, have found that most of the increase in number of 
faces per cell occurs in early mitotic prophase or prior to it and that by telo- 
phase the dividing cell has an average of approximately seventeen faces. 
The increase in number of faces per cell prior to actual division in cork 
cambium cells was suggested by the investigations of Lier (1952) on Pelar- 
gonium hortorum. Hulbary (1944) and Flint (1949, 1951) have shown that 
the presence of air spaces between cells alters the average number of faces 
per cell. Studies by Seigerman (1951), Wheeler (1955, 1958), and Rahn 
(1956) have indicated that extraordinary modes of cell division may alter 
both the number and kinds of faces found in polyhedral cell forms. A similar 
suggestion was afforded earlier by Meeuse (1942). The form, growth, and 
division of cells cultured in vitro have also been studied recently (Steward, 
1958; Steward et al., 1958a, 1958b). These freely suspended cells exhibit a 
wide range of size and form and a mode of division unlike that of meriste- 
matic cells giving rise to undifferentiated parenchyma. Consequently they 
cannot be compared to one regular polyhedral form as has been done for 
undifferentiated cells in normally developing tissues. 

Many hypotheses have been formulated to explain the modes of cell divi- 
sion in plant meristems and the forces associated with them. Hofmeister 
(1863) asserted that ‘‘the dividing cell wall is invariably perpendicular to 
the direction of greatest prior growth of the cell.’’ Four years later (Hof- 
meister, 1867) he restated the assertion omitting the word ‘‘invariably.”’ 
Schwendener (1860, 1880) proposed a system of orthogonal trajectory 
growth patterns and suggested that cellular growth takes place through a 
process of intussusception. Sachs (1877) established the principle that cells 
in plant apices derived from a primordial mother cell in a columnar manner 
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tend to be divided by walls perpendicular to the axis of the column, such 
walls sometimes being curved instead of straight. This principle was con- 
sidered as a special case of a more general law of cell division according to 
which partitions separating simultaneously dividing cells tend to meet each 
other at equal angles. This law in turn was considered a consequence of the 
symmetry and equal magnitude of forces operating about centers of gravity 
within the dividing cellular aggregate. The causes of perpendicular inter- 
section of successive division planes in free-living cells were considered aec- 
tive also in tissues but with the added significance that the manner of inter- 
section of division planes in meristems and organ primordia complies with 
the requirements of solidity and stability. Rauber (1883), in distinguishing 
between division of plant and animal eells, pointed out that the direction 
of division depends not only on the surface to be divided but also on the 
substance which composes it. Four years later Sachs (1887) reiterated his 
law of the orientation of a dividing wall perpendicular to walls already 
established and added that the daughter cells resulting from division are 
usually of equal volume. More recently Sinnott (1939), in studies of root 
hair development, concluded that the point of attachment of the new cross 
wall to that of the mother cell seems to be determined by an equilibrium be- 
tween a tendency to divide the mother cell equationally or proportionally 
and a tendency to bisect the mother cell wall. 

Kny (1896, 1902) cited Hofmeister’s (1867) contention that the divid- 
ing partition referred to by Sachs is not necessarily perpendicular to the 
longest diameter of the cell, which diameter may not—and often does not 
—coincide with the axis perpendicular to which the division plane is ori- 
ented. From his investigations of the influence of wounding and pressure on 
the orientation of newly forming cell walls in plant tissues Kny asserted 
that experimental alterations of pressure applied to dividing cells could im- 
press upon the nuclear configuration—and consequently upon the dividing 
wall—a specific orientation. This was especially clear in the internodal pith 
of Impatiens Balsamina stems constricted for a time by a pincheock. His 
general conclusion was that during cell division the dividing walls orient 
themselves in the direction of pressure and perpendicular to the direction 
of tension to which they are subject. Giesenhagen (1909) asserted that sur- 
face tension could not affect the orientation of a dividing membrane before 
it became attached to the walls of the mother cell; after meeting the mother 
cell wall the dividing membrane would be prevented from displacement ap- 
proaching a position of stable equilibrium. He then supposed that the ori- 
entation of the division wall is determined by the orientation of both 
daughter cells which it separates, the latter orientation being conditioned by 
surface tension resulting from cohesion. Such a cohesive force would de- 
termine that the newly forming wall would be one of minimum area and 
that the potential energy of the system would be a minimum. Since the co- 
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hesive force would be acting prior to the attachment of the dividing mem- 
brane to the mother cell wall, the new partition would develop according to 
Plateau’s account of the state of equilibrium of a weightless liquid film. 
Schiiepp (1926) and Sinnott (1938, 1944) discussed this hypothesis in terms 
of cell polarity (cf. Wagner, 1939). Priestley (1929) called attention to the 
fact that protoplasmic connections between daughter cell protoplasts and 
the developing partition prevent such a cohesive rounding of the protoplasts. 
He also pointed out that since the new wall is not a homogeneous structure 
comparable to a weightless liquid film, the forces of surface tension, al- 
though important factors, would not be the sole determinants of the form 
and direction of the developing partition. 

Studies by Sinnott and Bloch (1939, 1940, 194la, 1941b; ef. deWilde- 
man, 1893-1894, and Brumfield, 1942) revealed that a series of more or less 
anastomosing cytoplasmic strands—the phragmosome—occupies the position 
of the future cell wall, and they concluded (1) that the entire cell body 
rather than the nucleus alone must be concerned in the determination of the 
plane of cell division, (2) that nutrition distribution rather than surface 
tension forces may determine the point of attachment of new cell walls, and 
(3) that differential growth of parts of a cell rather than sliding growth, 
differential duration of cell division, or surface tensions may account for 
intercellular readjustments during growth and differentiation of living 
plant tissues. Other pertinent studies on apical meristems have been pursued 
by Schmidt (1924), Sinnott (1938), Goodwin and Stepka (1945), and Pop- 
ham (1951). It became increasingly obvious (ef. Wilson, 1925; Wardlaw, 
1952) that inherent biological factors were operating together with physical 
forces in the determination of cell forms. 

The study of intercellular relationships and readjustments in apical 
plant meristems has contributed much to the knowledge of cell form and its 
development. Schiiepp (1926) reviewed much of the earlier literature on the 
subject and suggested the principle that both parenchymatous and prosen- 
chymatous meristematic cells exhibit the tendency to reestablish their origi- 
nal form through growth following the disturbance of that form by cell di- 
vision. In his discussion of rib meristems and their derivatives he pointed 
out the predominant mode of cell division by partitions perpendicular to 
the long axis of the cell columns and likewise to the long axis of the plant 
organ—be it root, stem, or leaf petiole. The fundamental form for these 
cells in colums suggested by Schitiepp was a short, right-angled cylinder. 
Individual cells of these columns were considered mutually related geneti- 
cally through successive divisions within the same column. The entire tissue 
derived from a rib meristem was thus thought of as an association of paral- 
lel congenitally developed rows of cells. The regular orientation of cells in 
rows was compared to the irregular orientation of cells in the promeristem, 
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which resembles the arrangement of bubbles in foam. The transition from 
random directions of division in the promeristem to predominantly trans- 
yerse cell division in rib meristems and their derivatives was held to account 
for the differential cell patterns found in the respective tissues (cf. Schiiepp, 
1952). Wagner (1939) discussed developmental dynamics in root rib meri- 
stems and suggested seven general factors contributing to the transforma- 
tion of meristem derivatives into permanent tissues, viz., (1) general change 
of the rate of growth of single cells or cell groups, (2) change in cell divi- 
sion intensity, (3) change in the rate of cell growth in certain directions, 
(4) change in the direction of cell division, (5) change in the frequency of 
eell division in certain directions, (6) various cellular deformation, and 
(7) change of cell wall structure and various changes of cell contents. Ward- 
law (1957) listed five factors in the genetical constitution of the shoot apex 
in vascular plants which determine its organization and development. They 
are (1) cell size and protoplasmic constitution, (2) relative growth rates in 
vertical and transverse planes, (3) absolute size of the apex, (4) positions of 
growth centres, and (5) the nature of the apical reaction system. Gutenberg 
(1947) has attempted to explain the development of all root tissues of dicoty- 
ledonous plants from a single apical cell in the meristem, but a study by 
Popham (1955) has shown such a generalization to be inapplicable to all 
root meristems. Stant (1952) has studied the development of columnar 
parenchyma in stem apices of several monocotyledons. Wardlaw (1957; 
ef. Sinnott, 1956) postulated that all shoot apices exhibit an organization 
which is generally homolgous for all classes of plants and that the entire 
shoot apex or some part of it is a well-ordered developmental system of 
integrated and interrelated zones. 

Cells in columnar orientation derived from primary rib meristems and 
secondary meristems have been studied ever since Hooke’s (1665) obser- 
vations on the radial columns of cells in cork. In discussing the variety 
found in cell forms, Unger (1855, 1866) figured in partly three-dimensional 
fashion a small, columnar group of cells from the stem pith of Mentha 
sivestris and described such cells as regularly polyhedral. Lewis (1923) 
studied the three-dimensional shapes of pith cells of Sambucus canadensis 
and later (Lewis, 1944) the pith cells of Eupatoriwm dubiuwm. Marvin 
(1939a) examined the three-dimensional shapes of pith cells from Eupa- 
torium purpureum. By determining the volume of these cells Marvin was 
able to conclude in general that ‘‘the cells show an economy of surface in 
relation to volume approaching, and in some cases equalling, that of an 
orthic tetrakaidecahedron or a rhombic dodecahedron of equal volume.”’ 
Marvin (1944) also studied cell shape and volume relationships in the pith 
of Eupatorium perfoliatum. Van Iterson and Meeuse (1941) figured the 
pith of sugar cane, which was found by Van Iterson to have a regular 
columnar arrangement and a fundamentally tetrakaidecahedral cell shape. 
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These investigators suggested that such cellular orientation could be con- 
veniently investigated in the tuberous root cortical parenchyma of Chloro- 
phytum Sternbergianum and Anthericum species and in the pseudo-berry 
parenchyma of Basella alba and B. rubra. Meeuse (1942) has also recom- 
mended the central leaf parenchyma of Othonna crassifolia. Hulbary (1944) 
examined the three-dimensional shapes of pith cells of Atlanthus glandulosa. 
Cortical cells in columnar arrangement in tuberous roots of Asparagus 
Sprengeri and similarly arranged parenchymal cells in the leaf of Rhoeo 
discolor were studied by Hulbary (1948) for their three-dimensional forms, 
Duffy (1951) made a similar study of the cortical cells of the primary root 
of tomato. 

The development of columnar tissues from cambial activity has also 
been studied in great detail. Beijer (1927) assumed that the law of minimal 
areas held in the case of cambial cell formation through the action of turgor. 
Although the form of partitions dividing cell columns derived from primary 
rib meristems was often attributed to surface tension forces operating 
according to the principles of Lamarle and Plateau for liquid films, many 
investigators have noted that the forms of periclinally oriented partitions 
producing radial columns of cambial derivatives could not be explained by 
the activity of such forces. The latter partitions do not tend to assume a 
minimal partitional area in dividing the cell into two equal portions. 
Priestley (1928) noted this anomaly and suggested that physico-chemical 
environmental gradients might explain the deviation from the usual con- 
dition (cf. Pearsall and Priestley, 1923). Statistical studies by Lewis 
(1928b) have coneluded that cork cells are fundamentally tetrakaidecahed- 
ral. Priestley (1930) suggested from his studies on the cambium meri- 
stematic cells that they are 12-faceted. In explaining the dynamics of ten- 
sion equilibration, he preferred the concept of mutual adjustment of cell 
position in a common framework to the older concept of sliding growth. 
These adjustments were thought to occur when isodiametric meristematic 
cells of the apical meristem divide and change in the procambial strand into 
elongate procambial and cambial meristem cells. The cambial cells of Pinus 
silvestris were found by Dodd (1948) to have an average of eighteen faces 
per cell. The average cell was ‘‘ postulated as having 2 tangential faces, 12 
lateral cambial faces arranged 6 on one side and 6 on the other, and 4 ray 
cell faces arranged as 2 ray contacts of 2 faces each,’’ and the typical fusi- 
form cambial cell in contact only with others of its kind was supposed to 
have fourteen faces. It was noted, however, that the form of the cambial 
cells studied did not suggest an origin from an orthie or orthoid tetrakaide- 
cahedron modified in form during development. From careful reconstrue- 
tion of cork cambium and cork cells from the stem of Pelargonium hortorum, 
Lier (1952) described an average cork cambium cell as having fourteen 
faces, viz., ‘‘1 face for each of 2 tangential surfaces, 4 faces each for 2 radial 
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surfaces, and 2 faces each for the top and bottom surface.’’ A subsequent 
paper by Lier (1955) reported investigations—which are still in progress— 
on the origin and development of the same cork cambial cells. A considera- 
tion of the necessary correlation of regular cellular arrangement—as in 
columnar tissues—with tetrakaidecahedral cell shape was made by Lewis 
(1943a, 1943b), in which such a correlation was said to depend upon a pre- 
vailing plane of cell division. A general geometrical interpretation of growth 
and division of cells in columnar parenchyma was elaborated by Lewis (1944, 
1946). 

The precise three-dimensional form—including the actual curvatures of 
cell edges—of regularly oriented cells resembling the minimal tetrakaide- 
eahedron of Kelvin was not studied in detail until Meeuse (1942) investi- 
gated cortical parenchyma cells from the tuberous roots of Asparagus 
Sprenger. Previous observations by Van Iterson (cf. Van Iterson and 
Meeuse, 1941) on sugar cane pith suggested that regularly oriented cells 
not only resembled the tetrakaidecahedron in orthic form but also had edge 
curvatures which might be compared to those of the minimal tetrakaideca- 
hedron. Meeuse (1942) was able to isolate tetrakaidecahedral cells from the 
cortex of tuberous roots of Asparagus Sprengeri by a maceration technique 
and to compare them with the theoretical form. Unfortunately Meeuse did 
not distinguish sufficiently between the minimal and orthie forms of the 
tetrakaidecahedron, but the confusion caused thereby was dispelled in a 
subsequent paper (Van Iterson and Meeuse, 1941). Esau (1953) has sum- 
marized cell shape research without mentioning the minimal form but with 
reference to the orthic tetrakaidecahedron. Although the cells studied by 
Meeuse’s technique were generally comparable in form and edge curvature 
to the minmal tetrakaidecahedron, it was found desirable to study cells in 
the living condition in small tissue segments suspended in a medium approxi- 
mately isotonic with the cell contents which would preserve more precisely 
the actual edge curvatures of the cells. This type of observation was carried 
out on the colorless parenchyma beneath the upper epidermis of Rhoeo 
discolor leaves (Macior and Matzke, 1951). Fifty tetrakaidecahedral cells 
were drawn in three-dimensional aspect and compared with drawings of the 
minimal tetrakaidecahedron oriented in a corresponding position. Many 
deviations from the theoretical form were noted, but resemblance of quadri- 
lateral cell faces with outwardly bowing edges and of inwardly bowing 
edges common to adjacent hexagons to the respective structures of the theo- 
retical form were striking. The present investigation was undertaken to 
find if this general resemblance is a feature common to regularly oriented 
parenchymal cells in different plant organs from various angiosperm taxa. 

Materials and Methods. The undifferentiated parenchymal cells used in 
this study were colorless, without inclusions rendering their edges obscure, 
sufficiently large for conclusive determination of all contacts with adjacent 
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cells, without distortions caused during isolation and manipulation of the 22-4 
tissue, and without secondary modifications of the cell walls. The cells were (Fig 
isolated in tissue blocks measuring about 1—-1.5 mm in depth, 4-10 mm in the | 
width, and 10-20 mm in length taken from (1) stem pith of Impatiens Bal. and 
samina L. (Fig. 12-21, 71), (2) stem pith of Coleus Rehneltianus Per. (Fig. “Tm 
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1-11, 72), (3) subepidermal leaf parenchyma next to the upper epidermis 
of Rhoeo discolor Hance leaves (Fig. 42-51, 69), (4) cortical parenchyma 
of tuberous roots of Asparagus Sprengeri Regel (Fig. 52-61, 73), (5) leaf 
petiole parenchyma of Begonia ricinifolia A. Dietr., var. ‘‘Immense’’ (Fig. 
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22-31, 68), and (6) central leaf parenchyma of Kleinia gomphophylla Dietr. 
(Fig. 32-41, 70). All these tissues had columnar cell arrangement except 
the last, in which the cells were irregularly arranged. Asparagus, Impatiens, 
and Rhoeo species used here are well known. Coleus Rehneltianus and the 
‘‘Immense’’ variety of Begonia ricinifolia are described and illustrated by 
Graf (1957). Jacobsen (1946) has described and illustrated Kleinia gom- 
phophylla. 

The cells were observed and drawn with the aid of a camera lucida under 
modified Koéhler illumination at a magnification of 215 x. The blocks of liv- 
ing tissue were immersed in a sucrose solution approximately isotonic with 
the cell contents, contained in the elliptical well of a tissue culture slide on 
the stage of a compound research microscope. The appropriate solution con- 
centration was determined by a method used by the author in a previous 
study (Macior and Matzke, 1951). The highest concentration of sucrose at 
which no observable protoplast contraction occurred was considered ade- 
quate for preserving cell wall curvatures in the living cells during observa- 
tions. Such protoplast contraction was studied by Collander (1934) in the 
pigmented epidermal cells of Rhoeo discolor leaves. The molar concentra- 
tions used were as follows: (1) Kleinia, 0.15, (2) Rhoeo, 0.18, (3) Begonia, 
0.19, (4) Impatiens, 0.19, (5) Coleus, 0.20, and (6) Asparagus, 0.26. The 
value of Rhoeo was the same found in a previous study (Macior and Matzke, 
1951). It was assumed, on the basis of evidence from that study, that living 
tissues immersed in their respective solutions would retain their normal 
cell shapes during the time of observation and drawing of the required cells. 

In the drawings all tetrakaidecahedral cells were arbitrarily oriented 
with the uppermost quadrilateral face toward the top of the page. Other 
cells were comparably oriented as far as possible. All cells, with the excep- 
tion of those in Fig. 70, were drawn so that the long axis of the plant organ 
from which they were taken runs vertically in the plane of the page. The 
criteria established for choosing cell types for drawing and comparison were 
(1) that the cells each have fourteen faces, (2) that these faces be only 
quadrilaterals, pentagons, and hexagons, (3) that the cells selected be sur- 
rounded by others of similar size, (4) that ten cells be drawn from each 
tissue, five cells being tetrakaidecahedra—fourteen-faceted cells each having 
eight hexagonal and six quadrilateral faces—if they are present in the tis- 
sue, and (5) that no cell meeting the above requirements be rejected in the 
course of observation unless for optical reasons its complete form could not 
be drawn. In the Coleus tissue a sixth tetrakaidecahedral cell was located 
before the total of ten was reached, and consequently it was included with 
the other cells. To indicate the intercellular relationships of tetrakaideca- 
hedral cells in columnar parenchyma, one of these cells from each of the 
five regular tissues was drawn with some of the cells adjacent to it. In the 
tissue of Kleinia, which was not regularly columnar, tetrakaidecahedral 
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cells could not be found. A cellular aggregate from this tissue was drawn for the 
comparative purposes (Fig. 70). Cytoplasmic streaming observed in many Klet 
of the cells indicated that the tissues were in living condition while being draw 
observed. (Fig 
Observations and Discussion.' A regular pattern of cellular orientation had | 


has been repeatedly suggested as a requirement for the development of 
tetrakaidecahedral cells in plant tissues. This pattern is related to the mode 
of origin of the cells and to the types of meristems giving rise to them. The 
pith cells of Coleus and Impatiens arise from rib meristems associated with 
stem apices. The cortical cells of tuberous roots of Asparagus arise in a 
similar manner. Interealary divisions appear to produce the parenchymal 
cells of the Rhoeo leaf and the Begonia leaf petiole. All of these tissues are 
produced by a predominance of cell division at right angles to the long axis 
of the cell columns. The leaf parenchyma cells of Kleinia do not have such 
a regular mode of formation. Although very young leaves show a more 
regularly arranged tissue toward the base, further development of the cells 
appears to destroy this regularity. Tetrakaidecahedral cells might therefore 
be expected to occur infrequently, if at all, in such an arrangement. Obser- 
vations failed to reveal even one such cell. 

Longitudinal sections of the root apex of Asparagus show that no one 
cell can be designated as the source of all other cells in the root. There 
appears to be a small group of promeristematic cells in which random divi- 
sion planes give rise to the root tissues. The transition from promeristem 
to rib meristem in the tuberous root of Asparagus is apparently correlated 
with a change from random direction of cell division in the former to a 
regular transverse mode of division in the latter. 

In describing the number and kinds of faces in each polyhedral cell in 
this study, a hyphenated series of numbers is used as a formula to express 
cell form. This designation is added next to each figure number in the illus- 
trations in smaller print. The first number is the total number of quadri- 
lateral faces, the second number of pentagonal faces, the third number of 
hexagonal faces, ete. Thus a tetrakaidecahedron—with six quadrilateral 
faces, no pentagonal faces, and eight hexagonal faces—has the formula 
6-0-8 ; this is in accordance with previous convention . 

All of the 14-hedral cells drawn from regular tissues were taken from 





hexagonal columns of cells and may be regarded as hexagonal prisms having Fr 
hexagonal top and bottom and six sides each composed of one, two, or three Kleinic 
faces. In this regard the use of the terms ‘‘face’’ and ‘‘side’’ follows that oan 
suggested by Lewis (1944). Each of these regular tissues yielded five tetra- Fig. 6: 
kaidecahedra (six in Coleus). The first five non-tetrakaidecahedral 14-faced _ 
1G. 


oblique 


, «ot Fig. 67 
1 Further and more detailed observations and discussion may be found in the origl os that 


nal thesis filed in the main library of the University of Wisconsin. 66 but 


cells studied from each regular tissue had the formula 4-4-6. This is not 
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the only possible configuration for such cells. The irregular tissue of 
Kleinia yielded no tetrakaidecahedral cells among the ten 14-faced cells 
drawn. Of these ten cells two (Fig. 33, 39) had the formula 4-46, six 
(Fig. 32, 34, 35, 36, 37, 38) had the formula 2-8-4, and two (Fig. 40, 41) 
had the formula 3-6-5. 





Fie. 32-41. Camera lucida drawings of cells from the central leaf parenchyma of 
Kleinia gomphophylla Dietr. x 63. Fig. 42-51, Camera lucida drawings of cells from the 
subepidermal leaf parenchyma of Rhoeo discolor Hance. x 63. Fie. 52-61. Camera lucida 
drawings of cortical cells from the tuberous roots of Asparagus Sprengeri Regel.x 63. 
Fig. 62-64. Three views of the minimal tetrakaidecahedron. Fie. 65. The equational 
division of a hexagonally prismatic tetrakaideeahedron by a transverse division plane. 
Fig. 66. The equational division of a hexagonally prismatic tetrakaideeahedron by an 
oblique division plane without the introduction of triangular faces or four-rayed vertices, 
Fig. 67. The equational division of a hexagonally prismatic tetrakaidecahedron modified 
so that the resultant polyhedra have the same number and kind of faces as those in Fig. 
66 but are produced by a transverse division plane. 
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Figures 68 through 73 show groups of cells from the tissues studied, 
The darkest lines in the figures indicate visible edges closest to the observer, 
Medium intensity solid lines indicate invisible edges nearest the observer 
or lower edges visible at the cell periphery. Light solid lines indicate in- 
vsible edges lower in the tissue. The lowest invisible edges are indicatd by 
light, dotted lines. 

Comparison of actual tetrakaidecahedral and similar cells with the mini- 
mal tetrakaidecahedron in a similar orientation (Fig. 64) indicates that 
despite the wide variation of these cells from the norm there is still a remark- 
able similarity between the actual and theoretical forms. Quadrilateral faces 
tend to have edges bowed outward. Hexagonal faces in many cases have 
edges curved outwardly and inwardly in general alternation. The equilibra- 
tion of facial angles in these cells at cell corners appears a general rule. 
Where the cell has suffered considerable elongation the extended cell edges 
tend to assume a sigmoid shape, which retains angle equality while allowing 
for extension. Another striking phenomenon in these cells is the close resem- 
blance of 4-4-6 types to tetrakaidecahedral forms in regular columnar 
parenchyma. The presence of pairs of pentagonal faces on the cells does not 
appear to disrupt their arrangement in hexagonal columns. 

The leaf parenchyma cells of Kleinia present a striking difference in 
arrangement from the regular orientation of cells in the five columnar tis- 
sues. Differential cell growth and successive cell divisions in a less uniform 
manner than in regular columnar parenchyma may contribute to the irregu- 
larity of cellular orientation in the Kleinia tissue. Of the ten 14-faced cells 
drawn from Kleinia leaf parenchyma two (Fig. 33, 39) had the 4446 
formula, which was found in all 25 non-tetrakaidecahedral 14-faced cells of 
the columnar parenchyma studied in the other plants. These two cells, how- 
ever, cannot be considered as hexagonal prisms since they do not have a 
pair of parallel hexagonal faces representing the top and bottom of the 
prism. Six 2-8-4 cells (Fig. 32, 34, 35, 36, 37, 38) from Kleinia have a 
formula entirely consonant with the cell pattern in hexagonally columnar 
parenchyma. This formula may represent a hexagonal prism with four of 
its sides each composed of two pentagonal faces and the remaining two sides 
each composed of one quadrilateral and one hexagonal face. A variation of 
this form may have incomplete pairing of the pentagonal faces. Three 2-8-4 
cells found in Rhoeo leaf parenchyma by Hulbary (1948) together with 
twelve more 2—8—4 cells from the same tissue which were selected by him 
may represent the hexagonally prismatic form of the 2-8-4 formula cell, 
but the six 2-8-4 cells found in Kleinia in this study do not have a form 
suggestive of their orientation in or derivation from a hexagonally columnar 
parenchyma. The remaining two cells (Fig. 40, 41) in Kleinia had a 3-6-5 
formula and an irregular form. Although the quadrilateral faces in the 
Kleinia cells did exhibit general outward bowing of their edges, the large 
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Fig. 68. Camera lucida drawing of an aggregate of five cells from the leaf petiole 
parenchyma of Begonia ricinifolia A. Dietr., var. “Immense,” the central cell being a 
tetrakaidecahedron. x 94. Fig. 69. Camera lucida drawing of an aggregate of seven 
cells from the subepidermal leaf parenchyma of Rhoeo discolor Hance, the central cell 
being a tetrakaidecahedron. x 63. Fic. 70. Camera lucida drawing of an aggregate of 
five cells from the central leaf parenchyma of Kleinia gomphophylla Dietr. x 63. Fic. 
71. Camera lucida drawing of an aggregate of five cells from the pith of Impatiens Bal- 
samina L.., the central cell being a tetrakaidecahedron. x94. Fic. 72. Camera lucida 
drawing of an aggregate of seven cells from the pith of Coleus Rehneltianus Per., the 
central cell being a tetrakaidecahedron, x94. Fie. 73. Camera lucida drawing of an 
aggregate of seven cells from the cortex of the tuberous roots of Asparagus Sprengeri 
Regel, the central cell being a tetrakaidecahedron. x 63. Fic. 74-78. The parallelohedra 
of Fedorow: cube, hexagonal prism, rhombie dodecahedron, elongated dodecahedron, 
and cubo-octahedron (tetrakaidecahedron), respectively. Fic. 79. The orthie tetrakaide- 
eahedron considered as being derived from the truncation of an octahedron by a cube 
so that the edges of the former are trisected. Fie. 80. Pentagonal dodecahedron, 
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proportion of cell edges without curvature or nearly so gave an impression 
of angularity to the cells. The edges of hexagonal faces did not show the 
sigmoid curvatures so common in the extended cells from columnar paren- 
chyma, yet the three facial angles meeting in a solid angle of the Kleinia 
cells did appear generally equal in a great number of cases. 

The proposal of the tetrakaidecahedron as the fundamental form of plant 
and animal cells in masses has been partially supported by experimental 
evidence accumulated over the past 35 vears. Such evidence, however, has 
shown that tetrakaidecahedral cells are of infrequent occurrence even in 
regularly oriented tissues, in which they are expected to occur more fre- 
quently than in tissues having irregular or random cellular patterns. Hul- 
bary (1948) found two tetrakaidecahedra among 100 cells from the leaf 
parenchyma of Rhoeo and eleven tetrakaidecahedra in 100 14-faced cells 
from the same tissue. This seems to indicate that the 6-0-8 formula might 
be expected in 2 per cent of the cells in this tissue. In the same paper Hulbary 
reported finding no 6-0-8 forms among 100 cells of the tuberous root cortex 
of Asparagus Sprengeri. The regular cellular arrangement in this tissue sug- 
gested that tetrakaidecahedral cells could be found in it, and the present 
study has substantiated this. Duffy (1951) found eleven tetrakaidecahedra 
among 600 cells of the primary root cortex of tomato, which is an average 
of 1.8 per cent of the total number studied. This is very close to the 2 per 
cent found for Rhoeo. Marvin (1939a) failed to find tetrakaidecahedral 
cells in the columnar pith of Eupatorium purpureum, but one might expect 
that further studies on this tissue would reveal such forms. 

In undifferentiated tissues without pronounced columnar cell orientation 
tetrakaidecahedral cells can also be found. Hulbary (1944) found two tetra- 
kaidecahedral cells among 150 pith cells from Ailanthus glandulosa, an 
average of 1.3 per cent. Matzke and Duffy (1955; ef. Matzke, 1956) found 
four tetrakaidecahedra among 400 interphase cells from the internal tissues 
of the stem apex of Anacharis densa, which is 1 per cent of the total. Holtz- 
man (1951) did not find the 6-0-8 pattern among 200 internal cells from 
the apical meristem of Coleus Blumei, and Higinbotham (1942) found no 
tetrakaidecahedra among 100 internal cells from the leaf petiole of Angi- 
opteris evecta. Duffy (1951) failed to find tetrakaidecahedral forms among 
100 initial cells and 100 ground meristem cells from the primary root of 
tomato. 


The terakaidecahedron, therefore, is not a commonly ocurring form 
among plant cells. Consequently, the suggestion that this form is the most 
appropriate fundamental cell form in plants cannot be taken to mean that 
it is commonly found in undifferentiated plant parenchyma. The fact that 
this cell form is found more frequently in columnar parenchyma than im 
meristematic or mature parenchyma without regular cellular patterns indi- 
cates that this form is fundamental in quite another sense, viz., that its fre- 
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quency of occurrence becomes a measure or index of regularity in such tis- 
sues. Therefore the tetrakaidecahedron is the form which cells tend to 
assume in greater numbers as the tissue assumes a greater regularity of 
cellular pattern. The origin of this regularity of pattern will be discussed 
later in relation to the manner of cell division in columnar and non-columnar 
parenchyma. 

The minimal form of the orthic tetrakaidecahedron proposed by Kelvin 
(1887, 1894) as a stable configuration in physical systems of liquid films has 
been proposed as a more precise expression of fundamental cell form in plant 
tissues. A detailed comparison of tetrakaidecahedral cells in the leaf paren- 
echyma of Rhoeo discolor (Macior and Matzke, 1951) with the minimal 
tetrakaidecahedron in corresponding orientation has disclosed a rather 
high degree of correlation between the theoretical form and actual cell 
shapes. The quadrilateral faces of tetrakaidecahedral cells generally had 
edges curved outward, and the hexagonal faces of such cells had edges curved 
inward except in the case where the cells were elongate in the direction of 
the leaf axis. In the latter case the edges common to two lateral hexagons 
assumed a sigmoid or partly sigmoid curvature. The frequent occurrence of 
such phenomena in tetrakaidecahedral cells was not discussed in the inves- 
tigations, but such observations can be made from the figures without diffi- 
culty. The general impression of these figures is one of a similarity of form 
within a diversity of expression of a tetrakaidecahedral pattern. This gen- 
eral impression can also be assumed from the present study of 26 tetra- 
kaidecahedral cells from five different plant tissues which have not under- 
gone pronounced morphological differentiation and specialization. 

Comparisons of living plant cells to physical units having liquid film 
walls in stable equilibrium and of homogeneous composition have been used 
by numerous authors. It must be remembered, however, that plant cell walls 
are not homogeneous in composition, a fact stressed long ago by Berthold 
(1886) in regard to just such comparisons. Tupper-Carey and Priestley 
(1924b) noted chemical heterogeneity of meristematic cell walls in plants, 
and a polarization microscope study of growing plant cell walls by Castle 
(1937) indicated cellulose micelle orientation in these walls at right angles 
to the principal direction of growth. 

Electron microscope studies (Frey-Wyssling et al., 1948; Frey-Wyssling 
and Stecher, 1951; Whaley et al., 1952; Wood et al., 1952; Mericle and 
Whaley, 1953 ; Scott et al., 1956; Setterfield and Bayley, 1957; Wilson, 1957, 
1958) and summaries of investigations (Preston, 1952; Frey-Wyssling, 
1953) have contributed much to the present knowledge of primary cell wall 
structure and development during cell division and growth. In general the 
primary wall of meristematic cells is thought to be composed of cellulose 
microfibrils 250-300 A in diameter interwoven to form a textile-like strue- 
ture with spaces between the microfibrils filled with highiy hydrated sub- 
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stances such as pectin, hemi-celluloses, lipids, and some protein. Frey- 
Wyssling and others have asserted that growth in area of the primary cell 
wall is effected by intussusception of new cellulose microfibrils into the 
loosened cellulose fabric at certain regions of its surface. To this mode of 
development was applied the term ‘‘ mosaic-growth.’’ Miihlethaler (see Frey- 
Wyssling et al., 1948) added the hypothesis that such intercalation of cellu- 
lose microfibrils took place at the tips of elongating cells to produce ‘‘ bipolar 
growth.’’ The examination of cell wall formation during mitosis suggested 
that the cellulose microfibrils are deposited on both sides of the pectic layer 
of the developing cell partition and that these microfibrils intercalate with 
areas of the mother cell wall where the microfibrillar meshwork of the latter 
is loosened. This meshwork is then thought to break in such a manner as to 
leave each daughter cell with an individual and complete cellulose fabric 
envelope. Although the mosaic pattern of intussusceptive addition of cel- 
lulose microfibrils has been generally accepted, recent studies by Scott et al. 
(1956), Setterfield and Bayley (1957), and Wilson (1957) have favored 
intussusceptive growth over the entire cell face instead of in local areas, 
as in mosaic growth, or at the cell tips, as in bipolar growth. 

The forms of the cell faces found in this study may be thought to change 
their shape during formation according to surface forces acting upon them 
(ef. Sinnott and Bloch, 1939; Van Iterson and Meeuse, 1941). The growth 
of the faces by intussusception of cellulose microfibrils may be considered 
as directed by such forces in conjunction with many other factors. Such a 
multiplicity of factors acting simultaneously upon a membrane which is not 
homogeneous in structure would not be expected to produce a membrane 
which corresponds in every detail with the form of liquid films in stable 
equilibrium. The -resemblanee of cell edge curvatures to those of liquid 
films in stable equilibrium, however, suggests that surface forces do play a 
part in the determination of cell form. These surface forces are apparently 
restricted to activity within limits set by other factors such as cell membrane 
microstructure, direction of cell growth and cell division, and general form 
of the plant organ in which the forces are active. In this regard Hofmeister 
(1863) asserted that the increase in mass of an organ in the direction of 
achieving or augmenting a definite form cannot be interpreted as the sum 
of the forces of development within the individual cells, but rather the 
growth and change of form of individual cells must be attributed to the 
general direction of growth of the organ. In like manner deBary (1879) 
affirmed that plants form cells, not the cells plants. The variety of 14-faced 
cells found in the regular parenchyma tissues illustrated in this study simply 
represents the end product of such interaction of multiple forces acting upon 
heterogeneous substances in orderly fashion, the latter being emphasized 
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by the comparison of the columnar parenchyma cells with those of Kleinia 
leaf parenchyma. 

The study of aggregates of regularly oriented cells naturally leads to 
the question of the origin of tissue pattern regularity and the general mutual 
resemblances of cell forms in these tissues. Once again the tetrakaideca- 
hedron may be considered as a fundamental unit form from which actual 
cells deviate in various ways. In the promeristem region of angiosperm root 
tips, which do not have a recognizable apical cell, there is a small group of 
promeristem cells in which cell division planes are randomly oriented. This 
appears to be the condition in the apex of a developing tuberous root of 
Asparagus Sprengeri. Such cells may be interpreted as tetrakaidecahedral 
in form and dividing in planes perpendicular to the four axes connecting 
opposite pairs of hexagonal faces by their midpoints (Fig. 78). If such 
theoretical cells are oriented as in Fig. 82, cell proliferation toward the top 
of the page would produce the root cap, and lateral and basal proliferation 
of cells would contribute to the formation of the root axis including the 
columnar parenchyma of cortex and pith. To facilitate visualization of 
tetrakaidecahedral cells in columnar parenchyma each cell may be consid- 
ered a hexagonal prism as in Fig. 65. 

The problem of cell division in such columnar parenchyma has been con- 
sidered by Meeuse (1942) and Lewis (1944). If we assume that the partition 
of a dividing cell in meristematic columnar parenchyma tends to divide the 
cell volume equally and to be oriented generally perpendicular to the mother 
cell lateral walls, we may illustrate such a division by Fig. 65. If this equa- 
tional division were synchronous in all cells or at least at regular and equal 
intervals in all cells, the originally uniform tetrakaidecahedral aggregate 
would be maintained. This regularity of cell division may also be applied 
to the promeristem cells in the root tip of Asparagus Sprenger. Synchronous 
division and growth of cells, however, does not generally occur in these tis- 
sues (ef. Brumfield, 1942; Savelkoul, 1957). Therefore we may expect that 
even if a cellular aggregate were originally uniformly tetrakaidecahedral 
it would soon deviate from such regularity. We may think of a regular 
deviation from the tetrakaidecahedral pattern in terms of another equa- 


tional division of the prismatic tetrakaidecahedron as shown in Fig. 66. The 


division plane passes obliquely in such a manner as to omit intersection with 
transverse edges of the prism. Intersection with transverse edges produces 
tetrahedral angles, which are not found in the type of columnar parenchyma 
studied here. To modify this form of division to correspond to the predomi- 
nantly transverse division mode of columnar parenchyma, the oblique divid- 
ing wall may be made transverse by alteration of the relative positions of 
transverse edges of the prism as in Fig. 67. By confining our considerations 
of cell division to these two figures (Fig. 65 and 67) we may consider the 


124 BULLETIN OF THE TORREY BOTANICAL CLUB (VoL. 87 


possible cell forms which they will produce in a regular tetrakaidecahedral 
tissue. 

On a theoretical basis Lewis (1944) assumed that a dividing cell in a 
hexagonal column has seventeen faces. In studies of 400 dividing cells in the 
apical meristem of Anacharis densa Matzke and Duffy (1956) found that 
each cell averaged 16.84 faces. In addition it was observed that 90 per cent 
of all the faces of these cells were pentagonal (34 per cent), hexagonal (33 
per cent), or quadrilateral (23 per cent). The plane of division was pre- 
dominantly oriented at right angles to the stem tip axis. Further investiga- 
tions of 150 daughter cells gave an average of 12.61 faces per cell. These 
faces were restricted in 94.8 per cent of their total number to pentagons 
(36.5 per cent), quadrilaterals (31.5 per cent), and hexagons (26.7 per 
cent). In the light of these data we may propose a theoretical sequence of 
cell division in columnar parenchyma by the transverse divisions illustrated 
in Fig. 65 and 67. Such a proposition is made with the hope of contributing 
to the elucidation of the variations of form found in cells of regularly 
oriented, undifferentiated, columnar plant parenchyma. In all the subse- 
quent considerations those possible cell divisions are eliminated which would 
introduce a triangular face or a four-rayed vertex, both of which are rare 
in this type of tissue. 

If our attention is confined to a system of hexagonally prismatic tetra- 
kaidecahedra with cell division as in Fig. 65, this tetrakaidecahedron will 
receive three transverse edges from equational cell divisions in neighboring 
cells before it divides. These edges will divide any of the lateral hexagonal 
faces of the tetrakaidecahedron into a hexagon and a quadrilateral face and 
will thereby convert two quadrilateral faces into pentagons. If we disregard 
the distinction of enantiomorphie forms, there are three possible 17-hedral 
patterns. The divided hexagonal faces may be (1) on alternate sides of the 
prism, (2) all on adjacent sides of the prism, or (3) arranged so that two 
are on adjacent sides and the third is on a side isolated from the other two. 
Subsequent equational division of these three possible 17-hedra as in Fig. 
65 will yield the following kinds of daughter cells respectively: (1) 6—-0-11 
yielding 6-0-5 and 6-0-8, (2) 44~9 yielding 5-2-5 and 5-2-6, and (3) 
44-9 yielding 5-2-5 and 5-2-6. In the first case the 6-0-5 daughter cell 
may then add three transverse edges by divisions of alternate neighboring 
cells adjacent to the undivided lateral hexagonal faces of the original 
6—0-11 17-faced mother cell. This would convert the 6—0—5 into 6—0-8, and 
the tetrakaidecahedral uniformity of the columnar aggregate would be re- 
stored. This may be considered as the most perfect pattern of cell division 
possible. A similar postulation was made by Lewis (1923), who considered 
division of a 14-faced cell prior to divisions of its neighbors. Just as the 
tetrakaidecahedron may be considered the fundamentally perfect form of a 
plant cell, so the mode of cell division discussed here may be considered the 
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process by which such a fundamntal cell form is maintained in dividing and 
growing tissues. The second and third cases, in which a 17-hedral cell with 
four quadrilateral, four pentagonal, and nine hexagonal faces (44-9 for- 
mula) divides to form one daughter cell of twelve faces (five quadrilateral, 
two pentagonal, and five hexagonal—5-—2-5 formula) and one 13-faced 
daughter cell with five quadrilateral, two pentagonal, and six hexagonal 
faces (5-2-6 formula), are simply modifications of the first case produced 
by additions of lateral edges to the incipient mother cell in different posi- 
tions. To maintain regularity in the tissue aggregate it is assumed that the 
undivided lateral hexagonal faces of the mother cell which are distributed 
unchanged to the daughter cells during division will soon be divided by 
transverse edges formed by adjacent cell divisions. Such additional edges 
will convert the 5-2-6 daughter cell into a 6-0-8 cell in one step and will 
convert the 12-faced 5-2-5 cell first into a 5-2-6 cell and then into a 6-0-8 
form. In all three situations the daughter cells of any division average 12.5 
faces each. The number of faces per daughter cell ranges from eleven to 
fourteen. The kinds of faces range from quadrilateral to hexagonal. 

Turning our attention to tetrakaidecahedral cells dividing only by a 
plane oriented as in Fig. 67 we find the situation more complicated and less 
uniform. Here we may restrict our consideration to divisions altering the 
quadrilateral faces of the incipient mother cell separately from those alter- 
ing the hexagonal faces of the same cell. Again we shall not distinguish 
enantiomorphie duplicates. Consideration is given only to those cell divi- 
sions not producing four-rayed vertices or triangular faces. 

Divisions affecting the quadrilateral faces only may produce three dif- 
ferent 17-faced cell forms. As in the previously discussed situation, the 
divided quadrilateral faces may be (1) on alternate sides of the prism, 
(2) all on adjacent sides of the prism, or (3) arranged so that two are on 
adjacent sides and the third is on a side isolated from the other two. Subse- 
quent equational division of these three possible 17-hedra by a septum 
oriented as in Fig. 67 will yield the following kinds of daughter cells respec- 
tively : (1) 9-O0-5-0-3 yielding 44-3 and 7—-2-2-2-1, (2) 9-0-3-4+-1 yielding 
5-3-3-1 and 6—-2-3-2, and (3) 9-0-3-4-1 yielding 5-2-5 and 6-2-3-2. Here 
also the daughter cells from any division of a 17-faced cell average 12.5 faces 
per cell. The number of faces per daughter cell also ranges from eleven to 
fourteen, but the kinds of faces of the daughter cells now range from quadri- 
laterals to octagons. 

Divisions affecting the hexagonal faces only will produce only one form 
of 17-faced cell, viz., one having four quadrilaterals, five pentagons, seven 
hexagons, and one heptagon in its surface (4-5—7-1). Subsequent equational 
division of the 17-hedron as in Fig. 67 yields a 12-faced daughter cell with 
a 4-4-4 formula and a 13-faced daughter cell with a 5-2-6 formula. In this 
case the average number of faces per daughter cell is 12.5, the range in kinds 
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of faces is from quadrilaterals to hexagons, and the range in number of faces 
per daughter cell is from twelve to thirteen. 

In a similar manner one may investigate many other theoretical divisions 
of 17-faced cells according to the patterns of Fig. 65 and 67 and may con- 
sider the types of daughter cells formed by alteration of hexagonal or quad- 
rilateral faces separately. Simultaneous alterations may also be studied but 
with much greater difficulty. Here we shall consider a division which com- 
bines the two modes of division considered thus far. We may suppose a divi- 
sion plane passing through the hexagonally prismatic cell as in Fig. 67 but 
with the transverse edge of the right rear side of the figure transposed to a 
position above the division plane corresponding to its actual position below 
the division plane. This is illustrated as edge AB in Fig. 85. Since the cell 
is expected to have seventeen faces at division, three more edges must be 
added to it by transverse divisions of neighboring cells. Admitting the vari- 
ous kinds of equational transverse divisions of these cells which do not form 
triangular cell faces or four-rayed vertices, we may suppose that three 
edges may be added all to one potential daughter cell or else one edge will 
be added to one potential daughter cell and the other two edges to the second 
potential daughter cell. It can easily be shown that if all three edges fall 
to one cell the potential daughter cells will have facial formulas—depending 
upon the relative positions of the transverse edges—such as 5—2-3, 5-2-5, 
5-2-6, 5-2-8, 44-3, 4-4-4 4-4-5, 4-4-6, and 6-0-8. We shall consider the 
more uniform case in which the edges are distributed one to one daughter 
cell and two to the other. As hexagonal prisms the daughter cells will tend 
to have two faces for each side. In the modified form illustrated in Fig. 85 
the upper potential daughter cell will have two sides, viz., right front 
(EFRQ) and center rear (HGST), which may receive one edge each. In 
like manner the lower potential daughter cell will have four sides capable 
of receiving one edge each, viz., the front center (PQKJ), left front (OPJI), 
left rear (OTNI), and right rear (SRLM). In the upper potential daughter 
cell the transverse edges UV and YZ of the front center and left rear sides 
respectively are considered at the same level. The same is held for the trans- 
verse edge WX on the left front side and the transposed edge AB on the 
right rear side. In the lower potential daughter cell both transverse edges 
AABB and CCDD are considered at the same level. We may now consider 
the kinds and numbers of possible daughter cells under all these conditions 
of formation by division of a 17-faced mother cell. 

In the upper potential daughter cell there are two sides of the prism, 
viz., EFRQ and HGST, which may add one transverse edge. Considering the 
positions of the lateral edges slightly variable but not so much as to alter 
their positions relative to each other, we find three possible positions of the 
edge to be added, viz., (1) higher than both adjacent transverse edges, (2) 
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higher than one adjacent transverse edge but lower than the other, and 
(3) lower than both adjacent transverse edges. The total possible combina- 
tions of faces in the upper potential daughter cell is nine if two edges are 
added and six if one edge is added. In the former case the daughter cell 





Fig. 81. Aggregate of rhombic dodecahedra. Fie. 82. Aggregate of orthic tetra- 
kaidecahedra. Fie. 83. Aggregate of elongated dodecahedra. Fig. 84 Aggregate of regu- 
lar (pentagonal) dodecahedra showing spaces between the individual polyhedra. Fie. 
85. The hexagonally prismatic tetrakaidecahedron of Fig. 67 modified so that the trans- 
verse edge of the right rear side is transposed to the position AB above the transverse 
division plane. 


will be 14-faced and will have a 44-6 formula (8 possibilities) or a 6-0-8 
(1 possibility). In the latter case the daughter cell will be 13-fag¢ed and will 


have either a 4~4—5 formula (4 possibilities) or a 5-2-6 formula (2 possi- 
bilities). Consequently when the 17-faced cell divides there will be formed 
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two types of 14-faced daughter cells (4-46 and 6-0-8) and two types of 
13-faced daughter cells (4-4-5 and 5-2-6). 

Turning to the lower potential daughter cell we find two possible posi- 
tions for an added edge on the front center (PQKJ), right rear (SRLM), 
and left rear (OTN1) sides of the prism. One position is above the level of 
the other transverse edges, and the other position is below their level. The 
new edge position on the left front side (OPJI) can be (1) at the general 
level of the edges already present, (2) at a level higher than that of any 
transverse edge (including that of an added edge), or (3) below the level 
of any transverse edge. Once again all the possibilities of kinds and numbers 
of faces of the daughter cell may be considered. This cell will have 12 faces 
if two edges are added and 11 faces if one edge is added prior to division 
of the mother cell. The facial combination formulas in a total of 22 possible 
12-faced daughter cells are 4-4-4 (12 possibilities), 3-6-3 (4 possibilities), 
and 5-2-5 (6 possibilities). If only one edge is added the 11-faced daughter 
cell has 7 possibilities of face arrangements included under two formulas. 
One formula is 44-3 (6 possibilities), and the other is 6-0-5 (1 possibility). 
Therefore in the division of our hypothetical 17-faced cell the daughter 
cell facial formulas 444, 4-4-6, 4-4-3, 5-2-5, 4-4-5, 3-6-3, 5-2-6, 6-0-8, 
and 6—0-5 are to be expected in the ratio of 12:8 :6 :6 :4:4:2:1:1. 

It must be remembered that there are nine ways of adding two edges 
and six ways of adding one edge to the upper potential daughter cell. There 
are also 22 ways of adding two edges and seven ways of adding one edge to 
the lower potential daughter cell. Therefore there is a total of 195 (9x7+ 
22 x 6) general ways of adding three edges to the modified hexagonally pris- 
matic tetrakaidecahedron of Fig. 85 which, when thus converted into a 
17-hedron, may be divided by a transverse plane to yield daughter poly- 
hedra having nine different facial formulas. These daughter cells will aver- 
age less than fourteen faces each and may be expected to arrive at this 
14-faced average by additions of lateral transverse edges from adjacent 
cell divisions. 

It is interesting to note that in studies of undifferentiated plant tissues 
of Eupatorium purpureum, Ailanthus glandulosa, Asparagus Sprengeri, 
Rhoeo discolor, and tomato with generally regular cell arrangement (Mar- 
vin, 1939a; Hulbary, 1944, 1948 ; Duffy, 1951) many of the most frequently 
occurring cells had the same facial formulas as the theoretical daughter 
cells in the above considerations and others which were similar. Marvin 
found a predominance (11 per cent) of 4-4-3 types in 100 cells of Eupa- 
torium. The four most common types among 100 cells of Asparagus investi- 
gated by Hulbary were 4-4-6 (6 per cent), 444 (6 per cent), 3-6-4 (6 
per cent), and 44-5 (5 per cent). The four most common types found by 
him among 100 cells of Rhoeo were 4-4-5 (8 per cent), 4-44 (8 per cent), 
3-6-4 (7 per cent), and 4-4-6 (5 per cent). Atlanthus pith studied by Hul- 
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bary showed the most common types among 150 cells to be 3-6—4 (9 per 
cent), 4-44 (6 per cent), and 4-4-6 (6 per cent). Five hundred cells from 
the root cortex of tomato studied by Duffy had 4-4-6 (14.8 per cent), 44-5 
(8.8 per cent), 4-4-4 (7.2 per cent), and 3-6-4 (7 per cent) as the four most 
common types. In general it is apparent that the most common formula types 
of theoretical daughter cells in a reasonably uniform type of cell division 
correspond to the actual cell types found in regular plant tissues or to types 
which may be assumed as precursors of mature cell types. The 14-faced 
cells investigated in the present study may be considered as members of 
such regular tissues, and their formulas may be correlated with the general 
regularity of their tissues. The facial formula, however, represents in most 
eases more than one possible arrangement of the faces indicated by it. 

The theoretical division of a celi considered here is but one of many 
possible configurations. It is confined to such conditions as would produce 
only quadrilateral, pentagonal, and hexagonal cell faces and general uni- 
formity of daughter cell size and form as might be expected in tissues with 
regular cell patterns. Progressive increase in uniformity of the tissue may 
be correlated with greater uniformity of cell division up to the point where 
a homogeneous tetrakaidecahedral aggregate is maintained. Progressive 
decrease in tissue uniformity may be correlated with greater diversity of 
cell division patterns. In either case uniformity and diversity of cellular 
patterns are governed by the limits of geometric possibility. In a detailed 
study of dividing cells in Anacharis densa, Matzke and Duffy (1956) have 
concluded that ‘‘In spite of this diversity and complexity there is a degree 
of regularity as well as of order. Increase in the total number of faces as 
the result of cell plate formation, for instance, occurs within rigid mathe- 
matical boundaries. ’’ 

The development of cell form may be considered an orderly process in 
which many forces acting according to physical and mathematical laws 
participate to different degrees at different times during the origin of a cell 
through division of a preceding cell. Protoplasmic influences on the direction 
of the phragmosome may determine its position so as to avoid the meeting 
of more than three cell walls at any edge and of more than four edges at 
any point within the cellular aggregate. In columnar parenchyma the ceil 
plate generally divides the cell into two relatively equal parts perpendicu- 
larly to the axis of major growth. Either prior to or upon contact with the 
mother cell wall the cell plate becomes subject to surface forces similar to 
those acting upon liquid films with a consequent adjustment of cell face size 
and form in conformity to a condition of minimal surface energy under the 
prevailing circumstances. Surface forces and cell turgor will tend to equili- 
brate facial and dihedral angles of the cellular aggregate. These adjust- 
ments may come about through cell wall growth during intussusception of 
cellulose microfibrils without rupture of the intercellular contacts. Subse- 
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quent growth of the organ composed of these cells may be reflected in eor- 
responding modifications of cell form within definite mathematical, physical, 
and biological parameters. Curvatures of cell edges provide visible evidence 
of the interaction of the many forces which govern the forms of cells. 


SUMMARY 


Five kinds of mature, unspecialized, colorless plant tissues with regular 
columnar cell arrangements were studied in the living condition in suerose 
solutions having concentrations determined as approximately isotonie with 
the vacuolar contents of the cells. The tissues used were (1) Rhoeo discolor 
Hance upper subepidermal leaf parenchyma, (2) Begonia ricinifolia A. 
Dietr., var. ‘‘Immense’’ leaf petiole parenchyma, (3) Impatiens Balsamina 
L. stem pith, (4) Coleus Rehneltianus Per. stem pith, and (5) Asparagus 
Sprengeri Regel tuberous root cortex. Five tetrakaidecahedral cells and five 
other 14-faced cells chosen at random but restricted to having only quadri- 
lateral, pentagonal, and hexagonal faces from each tissue were drawn and 
compared with ten 14-faced cells from the irregularly arranged, colorless 
leaf parenchyma of Kleinia gomphophylla Dietr. in the living condition. No 
tetrakaidecahedral cells were found in the Kleinia leaf parenchyma. Edge 
curvatures of all the cells from regularly arranged tissues resembled to a 
great degree those of the minimal tetrakaidecahedron, but some exceptions 
occurred. Edge curvatures of cells from irregularly arranged tissue ex- 
hibited a lesser degree of resemblance. Edges common to a pair of hexagonal 
faces in elongate tetrakaidecahedral cells and those closely related in form 
exhibited a sigmoid curvature thought to result from surface forces tending 
to equilibrate facial angles at cell vertices. Some possible patterns of equa- 
tional division of a 17-faced cell in hexagonally prismatic form were con- 
sidered, and the resultant daughter cell possibilities were compared in form 
with data on cells previously studied by other investigators. It was con- 
eluded that cell form is determined by the mode of cell division and the 
activity of surface forces operating in conjunction with many other factors 
under conditions governed by definite mathematical and physical laws. 
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VARIABILITY AMONG VEGETATIVE SHOOT APICES' 
Ricuarp A. PopHaM 


Many kinds of variability occur among shoot apices, yet perhaps only ¢ 
few plant scientists fully perceive the extent to which these differences may 
be advantageously employed as tools in the solution of certain types of 
research problems. It is hoped that the enumeration of some of these varia- 
tions and the citation of some examples will focus the reader’s attention 
upon some of the practical and theoretical implications of the rather large 
body of information relating to shoot apices. 

As the reader peruses this paper, he will become aware that similarity 
in morphology of apices does not assure similarity of form in plants and 
conversely that anatomical and/or cytological differences among apices 
may be accompanied by great similarity of form. Some plants, for example, 
having Type VII (fig. 1) shoot apex zonation take the form of trees, while 
others are shrubs, and still others are annual herbs of small stature (Pop- 
ham, 1951). On the other hand, peach trees of the same variety may differ 
greatly in zonal-genetic constitution of their shoot apices (Dermen, 1953). 
Although shoot apex morphology and form of plants do not always appear 
to be causally related, this is not to say that a knowledge of the morpho- 
logical aspects of the apex is of little academic or practical importance. On 
the contrary, the study of shoot apex variability is a necessity, in most 
instances, in obtaining an understanding of the origin of chimeras of the 
stem, leaf, flower part, and other stem appendages. Shoot apex studies are 
equally enlightening and sometimes necessary if the plant breeder is to 
design his experiments intelligently and if he is to interpret his results cor- 
rectly. For example, the plant breéde? should know the answers to the fol- 
lowing three or four critical questions before he begins his experiments: 
(1) from what layer of cells in the shoot apex is the sporogenous tissue 
ultimately derived? (2) what is the chromosome complement of the cells 
of this ultimate layer or group of cells? (3) do the overlying cells, if any, 
have the same chromosome complement? If this last question cannot be 
answered in the affirmative then he should discover the frequency and 
location of periclinal divisions, if any, in the overlying layers of cells. 

Since it is impractical for most shoot apex investigators to study samples 
of shoot apices which fall into each of the numerous variability categories 
of the species, it is essential (1) that the investigator be cognizant of the 
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possibilities for variability which exist and (2) that he choose research 
material in such a way as to eliminate, in so far as possible, those variabilities 
with which he is not concerned. 

At least five major types of variability occur among shoot apices: (1) 
differences among genera, (2) differences among species of a genus, (3) 
differences among the same age individuals of a species, (4) differences 
among shoot apices of the same individual, and (5) differences occurring 
with time in the same shoot apex. Whereas it may be impossible to draw 
rigid lines of demarcation between each of these five categories, they may 
be valuable in organizing existing information on the subject. Although 
it is the intention of the author to cite illustrative examples of these several 





TrPée Ts TYPE Ii 








TyPE IV 


7YPE VI TYPE Vit 


Fig. 1. Diagrammatic representations of longisections through shoot apices illustrat- 
ing the seven prineipal types of organization found among vascular plants. (S, surface 
meristem; M, mantle; MO, central mother cells; C, cambium-like zone; SA, sub-apical 
initials; CM, central meristem; P, peripheral meristem.) 


types of variability in apices, no attempt will be made to present an exhaus- 
tive list of such examples. 

Shoot apex differences existing among genera are of at least two types: 
(1) organizational and (2) dimensional. Apices of Equisetum species, for 
instance, are characterized by a single apical cell while apices of the genus 
Gingko illustrate the much more complex Type IV (fig. 1), zonal-organiza- 
tion. A fuller discussion of this type of variation will be found in a paper 
by Popham (1951). 

The number of surface layers of cells in which no periclinal divisions 
occur or in which anticlinal divisions predominate vary as follows: 0 among 
pteridophytes, 0-3 among gymnosperms, 1-6 among monocotyledons, and 
1-9 among dicotyledons (Popham, 1951). Neither the orthogenetic nor the 
ontogenetic significance of these types of organizational differences oceur- 
ring among apices of different genera is fully perceived. 


—— 
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It is, of course, impossible to state precise maximum and minimum 
dimensions of shoot apices for a genus because of the variations which occur 
among apices of individuals of a species and among apices of a single plant. 
Nevertheless such variations are relatively extremely small in comparison 
with variations in size encountered among apices of some genera. Some of 
the monocotyledons have small shoot apices, e.g. Sinocalamus beecheyana 
with shoot apex diameters ranging from 50 to 120u and heights from 
30 to 140n (Hsu, 1944). Among the dicotyledons Arabidopsis thaliana pos- 
sesses apices of small size, averaging about 54y in diameter and 23, in 
height (Vaughn, 1952). Apparently the smallest apices on record are those 
of Fragaria vesca which measure from 20, to 47» in diameter and from 
lp to 4h in height (Rouffa and Gunckel, 1951). The largest known apices 
of a dicotyledon are those of Mammillaria heyderi which vary from 1200, 
to 1500, in diameter (Boke, 1953). However, the largest known shoot apices 
in the plant kingdom are those of the gymnosperm Cycas revoluta. Apices of 
this plant apparently vary from 2018, to 3305, in diameter (Foster, 1940). 

Differences among shoot apices of species belonging to the same 
genus fall into at least two categories: (1) organizational and (2) dimen- 
sional. Many examples of organizational differences could be cited but the 
genus Selaginella may be taken as an example. Selaginella martensiti and 
other species have an apical cell type of organization (Type I); 8. grandis 
and other species may have two apical cells (Type Il); while S. oregana 
and other species have no distinct apical cell or group of apical cells but 
instead have a surface meristem composed of unstratified cells which divide 
in various planes (Type III) (fig. 1). 

From presently available data one could infer that shoot apex size dif- 
ferences among species of a genus are not excessive. However, if one ex- 
amined apices of herbs and trees belonging to the same genus, such as those 
from our common herbaceous pokeweed, Phytolacca decandra, and the large, 
evergreen South American tree, Phytolacca dioica, it is possible that many 
exceptions to this generalization would be found. While variations in apex 
size of the magnitude indicated in the preceding section are thought not to 
exist among apices of species belonging to the same genus, apices varying 
in dimensions by a factor of about two are known. The apices of Spiraea 
vanhouttei, for instance, are about 56% wide and 13, high while compar- 
able dimensions for apices of Spiraea latifolia are 103 and 25y (Rouffa 
and Gunekel, 1951). 

Differences among apices of the same age individuals of a species 
may be classified as (1) organizational, (2) chimerieal, (3) ploidal, (4) 
environment-induced, and (5) dimensional. Examples of the latter type 
of variations have been cited previously. The number of surface layers of 
cells composing the mantle of shoot apices of individuals of a species may 
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vary from 0 to 1 in Cryptomerita japonica (Cross, 1941), from 3 to 4 in 
Arabis albida (Massey, 1928), or from 2 to 8 in Pyrus malus (Pratt, et al, 
1959). These organizational differences may have important consequences 
if cells composing the mantle layers differ in chromosome complement 
from underlying cells. Let us suppose, for instance, that cells of the surface 
layer of the apex of Cryptomeria differ in chromosome complement from 
those composing the remainder of the shoot apex. Now if the surface layer 
of this periclinal chimerical apex were a true tunica layer in which all cells 
and their derivatives divide only anticlinally, then leaves and/or strobilus 
parts would possess an epidermis whose cells differ in chromosome comple- 
ment from those of the other tissues. Assuming that periclinal divisions do 
not occur in the surface layer of cells of the mega- or microsporangium in 
early developmental stages, the sporocytes will also have the same chromo- 
some complement as those cells of non-epidermal tissues. It should be noted, 
however, that the latter assumption may not be valid for all species. Peri- 
¢linal divisions have been observed in epidermal cells of the nucellus in 
some ovules of Exocarpus strictus (Ram, 1959) and in other plants (Ma- 
heshwari, p. 59, 1950). This observation suggests the possibility that peri- 
clinal divisions may occur early in the ontogeny of the megasporangium. 
In this event, all cells of the sporangia would have the same chromosome 
complement as cells of the surface layer of the shoot apex. Alternatively, 
if the surface layer of the apex is not a true tunica and periclinal divisions 
regularly occur in all of its cells, all cells of leaves and strobili (ineluding 
sporocytes) growing from such an apex would have the same chromosome 
complement as those of the surface layer of the apex. Intermediate condi- 
tions (periclinal and mericlinal chimeras) are also a possibility and could 
account for gametes of differing chromosome complements being produced 
in the same strobilus. 

Dermen (1953) has shown that it is possible to induce at least seven 
different types of diplo-tetraploid periclinal cytochimeras in shoot apices 
of different individuals of the species Prunus persica. Naturally occurring 
diplo-tetraploid periclinal cytochimerical apices of two types have been 
reported (Dermen, 1951) for different individuals of the same variety of 
apple. Individuals, of each species, whose apices exhibit different types of 
chimeras could produce gametes differing in chromosome complement. 
Crossing of such individuals without first studying their apices could result 
in either (1) unexpected sterility, (2) abortion, or (3) progeny of unex- 
pected genotypes. 

If the zonation and the cytogenerative patterns of the shoot apex are 
known and if apices of the plant are periclinal chimeras, the morphologist, 
anatomist, geneticist, and plant breeder can use this information as a tool 
to solve theoretical and practical problems. Blaser and Einset (1950) used 
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the tool in a reinterpretation of the pome of Pyrus malus resulting in the 
presentation of convincing evidence supporting the appendicular theory of 
origin of the fruit rather than the receptacular theory. The same tool was 
employed by Dermen (1953) in successfully proving that true histogens do 
not exist in the shoot apex of Prunus persica and more particularly that 
there is no ontogenetic relationship between vascular tissue of the shoot and 
any particular histogenetic layer of the apex. The elegant experiment of 
Hejnowicz (1956), in which he used the tool to unravel the ontogenetic 
nature of a variegated juniper, will be discussed subsequently. 

Several examples could be cited of species, such as Vinca rosea (Cross 
and Johnson, 1941), which are composed of both diploid and tetraploid indi- 
viduals. In these plants, all cells of the apex are either diploid or tetraploid. 
Tetraploid apices of Vinca rosea are considerably broader than diploid 
apices, the individual cells are about 4 to § wider, and their nuclei are about 
} greater in diameter. Not only are the apices of tetraploid individuals 
greater in volume but the individuals have somewhat more massive stems, 
thicker and greener leaves, and larger flowers. In other words, visible dif- 
ferences in the shoot apices of diploid vs. tetraploid individuals are appar- 
ently related to differences in form of the adult plant. It should be possible, 
therefore, within limits, to predict the size of fruit and other organs fol- 
lowing a study of shoot apices of a species. Whaley (1939 a, b) has presented 
evidence that such predictions are reliable for certain species of Lyco- 
persicon. 

Relatively little is known concerning possible consequent changes in the 
shoot apex resulting from environmental variations, and still less is known 
of their antecedent biochemical mechanisms. Variability in the vegetative 
shoot apex presupposes, in most instances, progressive alterations in the 
physiology of the cells of which it is composed, but only a very little is 
known (Frazer, 1946; Dale, 1957) concerning the qualitative and quanti- 
tative aspects of these subtile systems controlling variations. Elucidation 
of this aspect of variability among vegetative shoot apices lies primarily in 
the purview of the plant physiologist and the biochemist. 

Published reports dealing with effects of ionizing radiation upon the 
vegetative shoot apex are contradictory (Gunckel and Sparrow, 1954). In 
general the effects on the shoot apex seem to be direct cytological manifes- 
tations of induced physiological disturbances (including death) rather than 
effects resulting in alterations of zonation, size, and subsequent growth 
patterns. For instance, cells of shoot apices of barley seedlings constantly 
exposed to the ionizing radiation of P*? for relatively long periods of time 
(15 days) ceased dividing, enlarged, and their wells thickened (Mackie, 
et al, 1952). Occasional elimination and conversion of indeterminant apices 
into determinant stem ends exhibiting tissue folds composed of enlarged and 
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proliferating cells, periderm, and/or ‘‘ wound cambium’’ have been reported 
for apple trees subjected to chronic gamma radiation (Pratt, et al, 1959), 

Mineral deficiencies may have decided structural and subsequent devel- 
opmental effects on the apex. In shoot apices of calcium deficient tomato 
plants, for instance, cells of the two layers of ‘‘tunica’’ and the outer layer 
of underlying cells may become necrotic although mitoses may continue in 
the unaffected cells below (Kalra, 1956). Shoot apices of calcium deficient 
Pinus taeda are smaller in diameter, pointed rather than rounded, and very 
few mitotic figures are observed (Davis, 1949). From evidence reported in 
the literature one may infer that gibberillic acid applied to the apex, or to 
sites very close to it, has no observable effect upon it except possibly to induce 
a somewhat more rapid rate of cell division (Sachs, et al, 1959). A few days 
following initial exposure of Avena sativa roots to aqueous solutions of 
Q-isopropyl N-phenyl carbamate, cells of the shoot apex enlarge enormously 
and finally nuclear division was judged to have stopped (Ennis, 1948), 
Shoot apices of barley plants sprayed with 3-(p-chloropheny])-1,1-dimethyl- 
urea (CMU) exhibited no observed differences from those of the controls 
except that cell divisions were fewer or lacking (Christoph and Fisk, 1954). 
Maleic hydrazide applied to corn, oats, and soybean embryos resulted in 
shoot apex enlargement and complete inhibition of cell division. Subse- 
quently cell division resumes, but at a much lower frequency level (Carlson, 
1954). 

Differences among apices of an individual plant are of at least three 
different types: (1) organizational, (2) genetic, and (3) dimensional. Taz- 
odium distichum probably affords as good an example as we have of organi- 
zational differences existing between shoot apices of the same individual. 
A Type V organization is found in most deciduous shoot apices, while a 
Type VII (fig. 1) organization occurs during the expansion phase of most 
permanent shoots (Cross, 1939). (It should be noted that we have here an- 
other example of a difference in apices which is associated with a difference 
in form of the structures rising from them.) The most important difference 
in the two shoot apex types, from a genetic standpoint, is that some peri- 
clinal divisions occur in the surface layer of cells of Type V whereas only 
anticlinal divisions oceur in the surface layer of cells of most permanent 
shoot apices. The consequent genetic implications are obvious in the case of 
bald cypress trees some or all of whose shoot apices are periclinal chimeras. 

The occurrence of periclinal chimerical shoot apices having Type V 
(fig. 1) organization has been verified for Juniperus sabina variegata 
(Hejnowiez, 1956). Cells of the surface layer of the apex and their deriva- 
tives lack the cytological characteristics necessary for chlorophyll forma- 
tion. Since the only cells in the surface layer which divide periclinally are 
those at the summit of the apex, there is sufficient time for the formation of 





1960] 


som 
the | 
the 

apic 
phy 
peri 
a cli 
shoo 
whe 
1937 
spol 
or t 
per 
80p 
fro1 


tall 
Rul 
35p 
and 


stay 
dur 
Dif 
zat 
wh 
lea 
init 
ear 
ma 
42) 
by 


OCC 


ha 
che 
tak 
( fi 
ha’ 
lik 


OCC 

















































1960] POPHAM: VARIABILITY AMONG VEGETATIVE SHOOT APICES 145 


some new axillary shoot apices of the same periclinal chimera type before 
the apex becomes composed exclusively of chlorophyll-impotent cells. Thus 
the shrubby plant possess three genetically different types of apices, (1) 
apices all of whose cells lack the genetic characteristics necessary for chloro- 
phyll formation are found on all-white shoots of the plant, (2) apices of the 
periclinal chimera type are found on all-green shoots of the plant, and (3) 
a class of apices of the mericlinal chimera type are found on variegated 
shoots of the same plant. 

Shoot apices of the same individual may differ in size depending upon 
whether they are those of long shoots vs. dwarf shoots as in Pinus (Korody, 
1937; Sacher, 1955), principal shoot axes vs. lateral branches at the corre- 
sponding developmental stage (Hsu, 1944), permanent vs. deciduous shoots, 
or terminal buds vs. lateral buds. Cross (1939) found that 50 apices from 
permanent shoots of Tarodium distichum averaged 170 in diameter and 
80u in height whereas the same number of apices collected at the same time 
from deciduous shoots averaged 140, in diameter and 100, in height. 

It is probably safe to say that apices of terminal buds are generally 
taller and narrower than those of axillary buds of the same individual. In 
Rubus spp., for instance, the former measure about 140, in diameter and 
35y in height whereas comparable measurements for the latter are 100, 
and 50u respectively (Engard, 1944). 

Differences in the same apex at different times may occur at different 
stages of the plastochron, at different seasons of the year, at different times 
during the vegetative growth of the plant, and during flower initiation. 
Differences which occur at these times may be (1) dimensional, (2) organi- 
zational, or (3) genetic in character. The extreme dimensional differences 
which occur between the beginning of a plastochron (immediately following 
leaf initiation) and the end of the plastochron (immediately preceding leaf 
initiation) were first recognized by Schmidt (1924). He recorded minimal 
early plastochron dimensions (length 104y, width 36n, and height 10n) and 
maximal late plastochron dimensions’ (length 1394, width 97, and height 
42) for Vinea minor. Sufficient corroborative evidence has been presented 
by numerous workers in more recent years to suggest that the phenomenon 
occurs with regularity in most or all leafy plants. 

The zonation pattern of an apex of Chrysanthemum morifolium (Pop- 
ham and Chan, 1950) or Bellis perennis (Philipson, 1946) apparently 
changes between the early and a later phase of the plastochron. Shoot apices 
taken during the initial and mid-phases of the plastochron have a Type VI 
(fig. 1) organization whereas those taken later in the plastochron do not 
have a clearly defined zone of cambial-like cells (Type VII). It seems un- 
likely that alteration of zonal types illustrated by these plants is of common 
occurrence among vascular plants. However, if one considers shoot apices 
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of adventitious origin and the origin of the first shoot apex of an embryo 
or very young seedling, it is apparent that a transitional series of changes 
in the organization of the apex is not an uncommon occurrence. Even go, 
it is unlikely that these transitional forms could be referred to more than 
one of the recognized types of zonation (fig. 1) except among the lower vas- 
cular plants. Species of Isoetes, Danaea, Kaulfussia, Angiopteris, Marattia, 
Selaginella, and Lycopodium will serve as examples (Popham, 1951) of 
lower vascular plants in which the apex of the very young sporophyte ex- 
hibits a single apical cell (Type |) whereas an unstratified layer of cells 
dividing in many planes may be observed in apices of older and adult sporo- 
phytes (Type IIL). In some species of these genera, investigators have re- 
ported finding the intermediate Type II (fig. 1) zonation in sporophytes of 
intermediate age. 

Abbe, et al, (1951) have demonstrated that the shoot apex in seedlings 
of Zea mays (which is, of course, an annual plant) increases exponentially 
in all dimensions affecting area, through successive plastochrons 7 to 14. 
However, cell size and apex zonation remain unchanged throughout the 
period of growth. In the perennial monocotyledon Phoenix canariensis 
(Ball, 1941), a different growth pattern is accompanied by organizational 
changes in the shoot apex with cell size remaining relatively constant. The 
usual angiosperm type of shoot apex organization, Type VII (fig. 1), is 
characteristic of older embryo and early seedling stages. During the first 
stages of shoot apex enlargement among older seedlings, a cambium-like 
zone appears in the apex and a Type VI (fig. 1) zonal organization, char- 
acteristic of terminal meristems of the full grown plant, becomes established. 
Apex volume increases quite rapidly from about 319,000u° in embryos to 
about 34,000,000p* in plants with shoot dimensions of about 23 em, after 
which there is a decrease in volume to that which is characteristic of the 
adult plant, about 27,000,000,*. Similar patterns of change in the shoot apex 
of gymnosperms have been noted. For example, shoot apices of increasing 
size and zonal complexity have been described for embryos, seedlings, and 
adult plants of Pseudotsuga tarifolia (Allen, 1947). 

The reader’s attention has already been directed to inevitable alterations 
in genetic aspect of the shoot apex following the mutation of a strategically 
located cell or cells. Mutations occurring in cells of the shoot apex may be 
(1) of natural origin, (2) induced by a means of colchicine or other chemi- 
cals, or (3) induced by x-rays or other forms of ionizing radiation. (See 
Blaser and Einset, 1948, for some examples.) Depending upon the type of 
zonation present in the apex and upon the oceurrence and location of a 
mutant cell, a cytologically homogeneous apex may, in time, become a peri- 
clinal chimera, a sectoral chimera, a mericlinal chimera, or a cytologically 
homogeneous apex composed of the mutant cell type. 
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Sufficient evidence has been presented by a number of workers (see 
Kemp, 1943; Sterling, 1946; Gifford, 1950; Parke, 1959) indicating that a 
vegetative shoot apex, of either a gymnosperm or an angiosperm, which has 
a definite growth periodicity, may be expected to undergo size-volume varia- 
tions and clarity-of-zonation variations periodically during the year and 
repetitively year after year. For example, whereas the pattern of zonal 
organization remains unchanged, periodic dimensional changes occur in 
the apex of a terminal bud of Torreya californica (Kemp, 1943). During 
the resting period of a bud, the apex is about 65» high and 195y in diameter ; 
by the end of the period of bud expansion, its dimensions are about 38» and 
116, respectively ; prior to bud scale formation, comparable dimensions are 
153n and 258; following bud scale formation (that is prior to as well as 
during leaf formation) the shoot apex reaches maximum dimensions of 
about 195 high and 326, in diameter. Following the period of leaf initia- 
tion, dimensions of the apex decrease to those indicated for the resting 
period. This pattern of dimensional variations within the vegetative shoot 


apex of each terminal bud is apparently repeated annually. 


Possibly the most extreme examples of dimensional, organizational, and 


physiological changes which may occur in a given shoot apex are those, so 
common-place and evident, which take place during the transformation of 
a vegetative apex to a flower or head of flowers. To become aware of the 


scope of the changes which may occur in an individual shoot apex, one 


has but to contemplate the enormous increase in volume accompanying the 


transformation of a vegetative apex into the head of a sunflower and the 


transition from a vegetative apex, devoid of vascular tissue, to the young 


and older flower heads in which procambial and vascular strands differen- 


tiate upward through receptacle tissue into the various floret parts. 


SUMMARY 


1. An attempt has been made to arouse and/or cultivate an appreciation 


of some noteworthy diversities existing among shoot apical meristems of 


vascular plants. Variability exists among apices of plants differing (1) 


in generic classification, ( 


» 


) in specific classification, (3) in age, when plants 


belong to the same species, as well as (4) among apices of the same indi- 
vidual and (5) of the same apex at different times. Five general types of 


differences are found among shoot apices. Dimensional variations and dif- 
ferences in internal zonation are the most easily detected. Relatively little 


is known concerning the frequency of occurrence (1) of apices (of an in- 


chromosome complements. A great deal remains to be learned concerning 


dividual or of members of a species) differing in chromosome complement 
of their cells or (2) of apices composed of cells of two or more dissimilar 
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the relationship of specific environmental factors to variability among 
comparable shoot apices. 

2. A knowledge of variability among apical meristems may be employed 
as a tool to discover the ultimate origin of tissues composing flower parts, 
leaves, and other stem appendages; the mechanism of origin and perpetua- 
tion of chimeras; and to explain some cases of sexual incompatibility, ster- 
ility, and unexpected results of plant breeding experiments. 

3. Some evidence has been cited which would lead one to suspect that 
some variations in the shoot apex are directly or indirectly associated with 
change in the form of the plant. Perhaps the most noncontroversial example 
of this relationship is the well known external and internal changes in form, 
anatomy, and physiology of the plant which accompany the enlargement 
and reorganization (physiological and zonational) of the vegetative apical 
meristem which occur at the time of floral initiation and subsequently. In 
addition, we may tentatively infer that apical meristems of large volume 
are associated with the formation of larger flower parts, fruits, and vegeta- 
tive structures whereas smaller stems and lateral appendages form from 
smaller apices, provided that both the large and the small apices being con- 
sidered are parts of the same plant or of plants belonging to the same species 
and variety. Some of the supporting evidence for this inference is found 
when one compares differences in plant form associated with the large apices 
of tetraploid plants vs. the small apices of the diploid plants of Vinca rosea, 
the large apices of permanent shoots vs. the small apices of deciduous shoots 
of Tarodium distichum, the large long-shoot apices vs. the smaller dwarf- 
shoot apices of Pinus sp., and the larger apices of terminal buds vs. smaller 
apices of terminal buds of Lycopersicon sp. 

DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 

THE OnI0 Svate UNIVERSITY 
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TORREYA 
Adoxa and Uvularia in the Delaware County (N. Y.) Flora 
Kar.L L. Brooks 


The joint field trip of the Torrey Botanical Club and the Eastern New York Botani- 
eal Club to Margaretville, in Delaware County, New York (reported in the January, 
1960, issue of Torreya), resulted in a study of Adoxa moschatellina in the field and in 
the observation of Uvularia grandiflora in the Margaretville area. Since the last few 
years have amplified somewhat our knowledge of the distribution of Adoxa in the Cats- 
kills, and since the occurrence of U. grandiflora in this region has only lately been 
verified, a review of some facts concerning these two species in Delaware County may be 
of interest to students of the local flora. 

Adoxa is a cireumboreal species of Aretic America, northern Europe, and Asia, In 
North America it oecurs in Alaska and the Yukon south to Iowa, Wisconsin, South Da- 
kota, Colorado, and New Mexico. The only place it is known to occur in the eastern part 
of the United States is in the Catskill Mountains of Delaware County, where it was first 
collected in July, 1903, by Fanny A. Mulford, a member of the Torrey Botanical Club, 
near Arkville, on the east branch of the Delaware River, where Taylor (1913 & 1915) 
reported it to be rare. House (1924), who knew only the one locality for this plant 
collected more than two deeades previously, thought that it was “perhaps adventive or 
naturalized there” (p. 655). In 1927 Neil Hotchkiss, then on the staff of the New York 
State Museum, colleeted this plant near Delhi, on the west branch of the Delaware. In 
1951, the writer, in company with Stanley Smith and Dr. John Dwyer, then professor of 
botany at Siena College in Albany, discovered Adoxa in considerable abundance in Mar- 
garetville, about 24% miles west of Arkville. Returning to the area in 1955, it was appar- 
ent to the writer that the plant was even more abundant than we had previously thought. 

On May 9, 1959, Adoxa was in flower and growing abundantly on more or less open 
grassy patches in rocky beech-birch-maple woods as well as on rather shaded, and some- 
times not so shaded, sandstone ledges. Some of the colonies were from 2 to 3 square feet 
in extent and numbered well over fifty plants, with from twelve to fourteen in bloom, the 
flowers having a definite musky odor somewhat resembling that of Trillium erectum 
erectum. Mr. Dunbar tested the soil in which two of the colonies were growing and ob- 
tained readings of pH 5.0 for one and pH 5.6 for the other. 

Further exploration is necessary to determine whether or not Adoxa can be found 
all along the ridge between Arkville and Margaretville, and how much farther its range 
extends up and down the river from these two points, to say nothing of trying to locate 
it in other areas of the Catskills. The fact that it is a relatively inconspicouus plant may 
explain why it has not been reported elsewhere from the Catskills. 

Secause House (1924) thought that Adora was “perhaps adventive or naturalized” 
in the Catskills, the question arises as to whether or not this plant can be considered 
native to the area. The fact that Adoxa grows in such abundance in its native habitat 
of “shaded recky places” and “mossy woods, wet rocks, ete.” (Britton & Brown, 1913) 
on the north-facing slopes of the mountainside just south of Margaretville, plus the 
fact that two other local stations are known for this plant, points strongly to the con- 
clusion that it is native in the Catskills, where it is probably a relict of the glacial period. 
Evidence supporting this conclusion can be inferred from the distribution of another 
relict, Aconitum noveboracense, the discontinuous range of which coincides closely with 
that of Adoxa. 

These facts suggest that a minor revision should be made in the next printing of 
Gleason’s (1952) New Britton and Brown Illustrated Flora. Owing the lack of more 
definite information, mention of the Catskills was deleted from the stam. range of Adoxa 
as given in the preceding edition by Britton and Brown. This area, s..e 800 miles east 


151 





152 BULLETIN OF THE TORREY BOTANICAL CLUB (VOL, 87 


of the nearest known occurrence of this plant, should be incorporated in the range given 
by Gleason. 

On the way back to New York, Jim McGrath reported having seen Uvularia grandi- 
flora on Pakatakan Mountain. Since this species was already on the Delaware County 
check list, his statement did not seem in the least exciting; it was not until later that the 
full impact of his announcement became apparent. In 1915 Taylor stated that “the re- 
ported occurrence of U. grandiflora J. E. Smith in the | Torrey] range has not been estab- 
lished.” Upon learning of its occurrence in the Margaretville area, Stanley Smith (1959) 
wrote, “The only specimen which I have previously found in the area was one from Ark- 
ville, and that had been misidentified by a specialist as U. perfoliata.” The Arkville 
specimen was collected by Fanny A. Mulford and Perey Wilson on May 29-31, 1915, and 
is located in the local herbarium at the New York Botanical Garden. U. perfoliata has 
perianth segments glandular-papillose on the inner surface and leaves glabrous beneath, 
while U. grandiflora has the perianth segments glabrous and the leaves minutely pubes- 
cent beneath. The Arkville specimen is clearly U. grandiflora, and the fact that it has 
been observed in the Margaretville area only a few miles from Arkville should not. be 
surprising. In 1954 the writer collected U. grandiflora on Mt. Utsayantha growing in 
rather dense woods at an elevation of 3000 feet (2981 Brooks 3 July 54). This specimen 
has been verified and is in the writer’s herbarium. One other species of Uvularia, U. 
sessilifolia, has been collected in Delaware County. 

Fernald (1950) gave the distribution of U. grandiflora as rich woods and thickets, 
chiefly calcareous, southwestern Quebee to North Dakota, south to Georgia, Alabama, 
Arkansas, and Oklahoma. Gleason (1952) gave Quebee to Minnesota, south to Con- 
necticut, West Virginia, Tennessee, and Oklahoma as the range of this species. Both 
statements need some clarification, particularly with respect to its distribution in the 
Torrey range, since it is not clear just where the eastern edge of the range lies. 

Soper (1952) reported that in Canada this plant is known from southwestern 
Quebec, southern Ontario (probably also in western Ontario near the borders of Manitoba 
and Minnesota), and southeastern Manitoba. In New England, the Committee on Plant 
Distribution (1951) reported having seen herbarium specimens from New Hampshire, 
Vermont, Massachusetts, and Connecticut. The distribution of U. grandiflora in this area 
was characterized as “western New England only.” The Connecticut specimens of this 
species were collected near Salisbury (Litchfield County) in the extreme northwestern 
part of the state (Harger et al., 1930). 

With respect to New York, House (1924) stated that this species was frequent in 
most parts of the Adirondack region and the northern counties as well as “common or 
frequent across the state.” Reference to the distribution maps maintained by the Botany 
Department of the New York State Museum reveals that U. grandiflora has been collected 
in no less than 37 of the 62 counties of New York. Counties of the Adirondack region 
north of the Mohawk where this plant occurs include Clinton, Franklin, St. Lawrenee, 
Jefferson, Lewis, Oneida, Herkimer, Saratoga, Washington, Warren, and Essex. Here, 
according to Stanley Smith, the plant is essentially one of lowland areas and of calcareous 
soils. In central and western New York, U. grandiflora grows in Niagara, Genesee, Monroe, 
Wayne, Onondaga, Madison, Erie, Livingston, Ontario, Yates, Cayuga, and Tompkins, 
as well as in four of the counties bordering Pennsylvania—Cattaraugus, Allegheny, 
Chemung, and Tioga. In eastern New York south of the Mohawk, this species has been 
colleeted in Montgomery, Schenectady, Schoharie, Albany, Rensselaer, Delaware, Greene, 
Columbia, Ulster, and Dutchess counties, the last five of which are in the Torrey range. 

In addition to the six southwestern counties of Pennsylvania, Jennings (1953) re- 
ported that U. grandiflora oceurs in four of the counties bordering southern New York 
(Erie, Warren, McKean, and Potter) as well as in Crawford County. Since Jennings was 
concerned only with the flora of western Pennsylvania and the upper Ohio basin, his state- 
ment of the distribution of this species cannot be taken as conclusive evidence that its 
range does not extend farther east, but it seems likely that had he known of its occurrence 
in other areas of the state, he would have mentioned it, for he did point out that U. 
grandifiora is rare or absent through the mountains and in the central part of the state. 
Farther to the west, plants have been collected in Illinois, Wisconsin, and Missouri 
(Anderson and Whitaker, 1934). 
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In discussing the general distribution of U. grandiflora, Anderson and Whitaker 
point out that “throughout the general caleareous areas of the middle west U. grandiflora 
is a common species, while in New England it penetrates only to the limestone areas of 
Western Vermont. U. perfoliata, conversely, is a fairly common plant in New England 
and is found southward, namely, along the mountains. There is an appreciable area 
where the two species overlap, but for the most part they occupy different situations 
within that area,” with U. grandiflora in general occupying the lowland areas. 

In summary, while the northeastern edge of the range of U. grandiflora is rather 
irregular and there are a few gaps owing to unfavorable habitats for this plant, none 
of the stations in this area can really be called discontinuous so far as its general range 
is concerned: southeastern Manitoba, southern Ontario, and southwestern Quebee south 
to New Hampshire, Vermont, Massachusetts, and Connecticut, southern and western New 
York, western Pennsylvania, West Virginia, Tennessee, and Georgia, west to Illinois, 
Wisconsin, and Minnesota, North Dakota, Missouri, Oklahoma, Arkansas, and Alabama. 
This distribution pattern includes six counties in the northern part of the Torrey range. 
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Two New Experimental Properties Acquized by the Boyce Thompsen Institute 
GEORGE L. MCNEW 


The Boyce Thompson Institute has made several changes in its real estate holdings 
so as to better facilitate its research program. The principal laboratories on the seven 
acre tract at 1086 N. Broadway in Yonkers and the small-scale experiment plots on the 
20 aere garden and orchard on Nepperhan Avenue about a mile from the laboratories 
will be continued as in the past. 

The Institute has sold its 215-aere Arboretum in Sprain Valley to Poirier and 
MeLane Corporation for development as a balanced community of light industry and 
middle class housing. In the thirty years since this property was acquired and planted 
to native and introduced plants it had served as a plant reservoir for the scientists, a 
source of breeding materials and the site of various long range experiments in plant 
propagation, varietal evaluation and pest control. 

The tract originally contained about 300 acres but various developments had de- 
preciated its value for plant culture drastically. The Consolidated Edison Co. took a right- 
of-way of some 35 acres for their power lines. Six years ago 51 acres were condemned 
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for use as a roadbed for the New York Thruway from Buffalo to New York City, This 
took the best valley land and destroyed the principal propagating area and some 1500 
species and varieties of permanent plantations. 

The Thruway now bounds the property along its entire westerly side for some two 
miles. Within another two years it will be similarly restricted along the easterly boundary 
by the Sprain Parkway so that it will separate the property from Sprain Lake. This would 
leave the Institute with a long narrow strip of land consisting primarily of long ridges 
of rocky outcroppings interspersed with a few small valleys. 

Under these conditions, the area beeame much less serviceable to the Institute pur- 
poses and became tremendously more valuable as real estate. The residual 215 acres were 
the last large undeveloped piece of property in the City of Yonkers since the surge of 
population from New York City had led to complete occupation of the land to either 
side of it. 

In order to replace this facility the Institute bought a 460-acre dairy farm in 
Dutchess County near the village of Stanfordville some 75 miles to the north of the 
laboratories. The property is readily accessible from the Taconic State Parkway but is 
in an area where excessive adjustment will not have to be made to population pressures, 
Most of the farm eventually will be made into a tree farm and nursery. 

Some of the more valuable small plants from the Arboretum were transplanted into 
the nursery area during late spring of 1959 and foundation breeding stock of larches in 
the F, generation were set out in the fall. Land has been prepared for planting the 
first replicated trial of larch clones from elite trees next spring. In the 11 years Dr. 
Chandler has been working with this genus she has developed several progenies from 
which selected trees grew 30 feet from seed in seven years. Cuttings are being made 
from the better representatives so each genotype can be tested in blocks with adequate 
replication. Each experiment is expected to run for 25 to 50 years so every planted area 
will be retired from use as far as all practical considerations are involved. In addition 
to the genetical work on larch it is expected that certain other lines of research such as 
air pollution, use of pesticides, long range soil treatments with chemicals, and limited 
fertilizer evaluation will be conducted on the property. 

In addition to these real estate transactions the Institute also has acquired title to 
a 700-acre ponderosa pine forest in California on the western slope of the Sierra Nevada 
range near the town of Grass Valley. Two entomologists have been stationed there to 
work on the bark beetles of western pines. Dr. Pierre Vite from the University of 
Gottingen is in charge assisted by Dr. David Wood from the University of California. 
The property has two large and fully equipped laboratory buildings of stucco construe- 
tion and two very substantial cottages that serve as residences for the scientists. The area 
has been the site of gold mining operations for the past 102 years. The North Star Mine 
from which the property gets its name allegedly yielded over 50 million dollars of the 
yellow metal and has a shaft 11,000 feet long extending from some 2500 feet surface 
elevation to about one half a mile below sea level. 

The purpose in acquiring the North Star property was to obtain a large area of 
mature timber (90 years of age) where the beetles could be studied in their natural 
habitat without regard to the damage they will do to merchantable timber. In other 
words this is an outdoor laboratory that extends to within 50 feet of the laboratory 
buildings. In it is a very vigorous population of Dendroctonus brevicomis, Ips confusus, 
and D. valens. One scientist studies their attack from the viewpoint of a tree problem 
in which the factors pertaining to tree resistance ebbs and recovers during the growing 
season and with aging processes. The other is studying the factors behind insect be- 
havior. A collaborative arrangement has been established during the past year with 
the University of California at Berkeley in conducting this research. 

Boyce Thompson Institute for Plant Research, Ine. 
Yonkers, New York 


Fietp Tre REpPorTS 


Aug. 15. The Pine Barrens of New Jersey. Stops were made at a number of places 
from the Metedeconk River west of Lakewood to Lakehurst, Woodmansie, Chatsworth, 





1966 


Har 
wer 
(To 
gro’ 
gra: 
Mul 
Hit 
any 
in | 
gra: 


lets 
of t 
in ¢ 
eate 
flow 
Wo 
Sta 


side 
don 
Jen 
sto} 
site 
pin 
ing 
bel: 
Sta 
on 

ser 
ery 
Q. | 
Ger 
Lys 


bee 
ap} 
self 
per 


pla 
pre 
Ind 
tha 
wh 
wh 
spe 
gro 
yel 
sho 
dor 
Ga 
gre 
the 
an 

























































1960] TORREYA 155 


Harrisville, and New Gretna on the Bass River. Although many stops were made, we 
were unable to locate any growth of the pine barrens grass, Calamovilfa brevipilis 
(Torr.) Serib. The weeping love-grass, Eragrostis curvula (Sehrad.) Nees., was found 
growing in abundance along the banks of the Garden State Parkway at New Gretna. This 
grass has evidently extended its range and now grows along the Parkway south of the 
Mullica River. It was first collected by this observer in August 1958 at New Gretna. 
Hitchcock (Manual of Grasses of the United States, 1950 Edition) has no reference to 
any New Jersey location for this plant. According to Hitcheock, it occurs spontaneouly 
in Florida, Texas, and Arizona, and it is used in erosion control and revegetation of 
grasslands in the Southern states. 

The grass Amphicarpon purshii Kunth., with subterranean as well as aerial spike- 
lets, was found at seattered locations in the pine barrens but nowhere abundant at any 
of the localities visited. Among the 48 species of grasses that were observed on the trip, 
in addition to those mentioned above was Muhlenbergia uniflora (Muhl.) Fern., a deli- 
cate and somewhat rare bog species which occurs from New Jersey northward. The dried 
flowering stalks of Stipa avenacea L. and Danthonia sericea Nutt. were found near 
Woodmansie, and a large growth of Aristida oligantha Michx. was found at Chatsworth 
Station. Attendance 14. Leader, Robert C. Meyer. 

Sept. 12-13. New Jersey Pine Barrens. Except for a stop at Wading River (west 
side of bridge) the foray was wholly within the Pine Barrens. Intensive botanizing was 
done at Atsion, Hampton Furnace, Carranza Memorial, Sandy Ridge, Speedwell Furnace, 
Jenkins, and Wading River on Saturday. Overnight was in Forked River. On Sunday 
stops were made at Webbs Mills, the Plains (Corema station off Route 72 from former 
site of Applegate’s junkyard), Warren Grove, and Sims Place, The great majority of 
pine barren woody plants were observed as well as the herbaceous ones that were flower- 
ing and/or fruiting. Highlights of the trip were Ludwigia hirtella (very rare) with 
belated flowers (See Stone, Witmer, “Flora of Southern New Jersey,” Ann. Rept. N. J. 
State Museum, 1910 p. 581, where is report of Parker finding the plant here at Atsion 
on Sept. 26, 1867) ; Crotonopsis elliptica, (a rare and diminutive plant that is little ob- 
served) ; Gentiana autumnalis and its albino phase (forma albescens) ; Breweria Pick- 
eringii var. caesariensis (belated flowering); Britton’s oak (x-Q. Brittoni, a hybrid of 
Q. ilicifolia and Q. marilandica) ; Solidago stricta; 8S. fistulosa; Prenanthes autumnalis ; 
Gerardia racemulosa ; G. setacea; Habenaria integra; Corema conradii; Schizaea pusilla ; 
Lygodium palmatum; and L. crolinianum. 

Unfortunately at Sims Place the great majority of Habenaria integra plants have 
been dug up for transplanting on a Long Island estate by a wealthy business man who 
apparently is trying to have a mass planting of rare pine barren species for his own 
selfish desires. A year or so ago the pine barren gentian was vandalized by the same 
person at Atsion. Attendance 17. Leader, Louis E. Hand. 

Sept. 13, 1959. Stony Brook, Rockland, County, N. Y. The Torrey trip to the same 
place last year was held on September 14 (Bull. Torrey Club 86: 66. 1959 and on the 
present anniversary excursion the attendance was just as large—oversized, one might say. 
Indefatigable Guy Nearing was our guest leader, and the group around him was so thick 
that a member remarked “One needs a periscope to see.” Thanks are due to other botanists 
who helped out. For instance Dr. Elva Lawton and Ed Whelan were present. John Cage, 
who gives a course on mushrooms at the New School, helped particularly on Boletus. Some 
species of this large and difficult genus had to remain unnamed, however. A colorful one 
growing in sphagnum was called B. chromapes, aptly named for the distinetive chrome- 
yellow base of its stipe. A gelatinous fungus, truly looking like “a piece of water-soaked 
snow,” was picked from a hole in a stump by Sylvia Stein. “It has been called Tremello- 
don gelatinosum,” said Dr. C. T. Rogerson, Mycologist of The New York Botanical 
Garden, “but the correct name is Pseudohydnum.” Eleanor Yarrow remarked that Hy- 
grophorus smells like candle wax. This seems to be really the case, although a test by 
the nominal leader was ambiguous. The genus is described as being “waxy” to the touch, 
and he thought perhaps the olfactory impression was due to a psychological word-as- 
sociation. But no, Dr. Silberschmidt affirmed that Hygrophorus definitely smelled like 
wax to him. Karl Silbersehmidt is a botanist from Sao Paulo, Brazil, who joined us to 
see how we function, for he wishes to start a field-study group in his home country pat- 
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terned after the Torrey Botanical Club. Fungi are a weird lot. An elfin kind is Hy- 
grophorus conicus, with its bright red conical cap. Guy Nearing declared it edible. [| 
looked at the solitary tiny thing almost as slender as a toothpick and precisely 3 em 
long. James Murphy, with some sly allusion to a previous consideration of the gustatorial 
qualities of fungi, asked whether the taste would be like lobster or the white of chicken, 
The showiest find of the day was a huge cluster of neon-bright saffron yellow Clitocybe 
illudens ; a member from Hackensack took one home with her to see it glow in the dark, 
I collected a few common bracket fungi which were named for me by Dr. Rogerson: 
Stereum sericeum, having a pileus with satiny luster and an hymenium perfectly smooth; 
Daedalea confragosa, hymenium labyrinthiform; Polyporus versicolor, P. pargamenus 
and P. tulipiferae. The last two have an irpiciform pore surface. The latter has been 
called Jrpex lacteus and even classified in the Hydnaceae; it starts out milk-white and 
later turns ochraceous. To flowering plants we paid little attention, since Harry Lehr and 
his Catalogue of the Vascular Flora of Rockland County were not with us. However, I 
did see Vicia villosa, which is not listed in the Catalogue. Leader, Joseph Monachino. 

Sept. 20. Van Cortlandt Park, Bronx, New York. We are always glad to have visi- 
tors from outside the Torrey Range and it was really outside when two naturalists from 
Switzerland who had been attending the International Botanical Congress in Montreal 
joined us because of their interest in our native plants. These were pointed out and de- 
scribed by Messrs. Murphy and Rissanen. The most interesting plant seen was a stand of 
lizard’s tail, Saururus cernuus. Attendance 11. Leader, Jane Meyer. 

Sept. 26. Charleston, S. I. Parts of the area visited had been burned over. Sharrat’s 
pond did not have any egrets on it, though we looked carefully. Bayberry was seen in 
fruit, as was button bush (Cephalanthus occidentalis), eatbrier (Smilax rotundifolia), 
and Pyrus melanocarpa, P. arbutifolia, and P. arbutifolia var. atropurpurea, All three 
species were seen growing near each other and we made comparisons. In flower were: 
Eupatorium album, E. pilosum (E. verbenaefolium), E. maculatum, and E. rugosum (EB. 
urticaefolium). Attendance 12. Leader Mathilde P. Weingartner. 

Oct. 4. Southfields, Orange County, N. Y. This Torrey trip for the study of fungi, 
under the vigorous guidance of Guy Nearing, with students (more mycophagists than 
mycologists) from the New School. After climbing a dry hillside, we came to a moist 
hollow which offered rich collecting. I collected three additional Polyperus which were 
identified by Dr. C. T. Rogerson, Mycologist of The New York Botanical Garden: 
P. dichrosus, P. fumosus and P. caesius. The pilei of the three are white, but the pore 
surface is amethystine-purple in the first and fumeus in the second. P. caesius is spongy- 
watery and entirely white, except for bluish stains where wounded. The writer, with 
his attention now focused on this white polypore, saw it again within the week on the 
grounds of the New York Botanical Garden and in Staten Island. As at Stony Brook, 
we saw several species of Clavaria. This genus, too, is wonderfully varied, with species 
shaped as threads, shreds, clubs, antlers, corals, and colored lemon-yellow, red, brown, 
translucent white, orange, amethystine. One found at Southfields was flesh-colored or 
tan, turbinate in shape and notably depressed at the top. It was named Clavaria pistil- 
laris. W. C. Coker in his monograph of the American species (1923) treats the species 
as polymorphic. However, E. J. H. Corner, A Monograph of Clavaria and Allied Genera 
(1950), ealls the genus Clavariadelphus and states that there is no certain evidence, as 
yet, that the typical C. pistillaris of Europe occurs in America. In this work, the tur- 
binate-depressed character of our earth-club would place it elsewhere in the key. Growing 
on sphagnum and seemingly attached to the moss was Cantharellus wmbonatus (C. 
dichotomus in Thomas’ book), elegance in miniature, its gills dichotomous, cap gray or 
plumbeous, flesh white, staining rubescent where wounded. Then I came in possession of 
the stink-horn, Mutinus caninus, and proceeded to invite the uninitiated to smell it. 
Quite probably a record was set: more persons smelled Mutinus caninus at one time on 
this occasion than in the entire history of the Torrey outings. Tiny valiant Jimmy 
“Cricket,” just 4% years old, the young hopeful of Jim MeGrath, also sniffed the stink- 
horn. There was a momentary retarded reaction, then Jimmy wry-wrinkled his diminutive 
nose—hardly larger than a dimple—and waved his hand with a gesture of total abnega- 
tion, as though to say “Away, go away with your Mutinus caninus and the whole 
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Phalloideae tribe.” The flowering plants were neglected this day, except for a pinweed 
growing in a moderate-sized colony, Lechae racemulosa. At Southfields the species is ap- 
proximately at its northern-most station. Attendance over 40. Leader, Joseph Monachino, 

Oct. 11. Todt Hill, S. I. Our route crossed several areas belonging to camps, such 
as the Henry Kaufman Camp, Boy Scout and Girl Scout Camps and part of Moravian 
Cemetery. The outstanding feature was probably the heavy fruiting of the various oak 
trees. White, chestnut, swamp white, black, red and pin oaks were observed. In several 
ponds there were flowers on Cabomba and one pond had Utricularia biflora in bloom. 
Trees in large stands of American beech were not bearing fruit nor were they the host 
of beech-drops (Epifagus virginiana). Attendance 15. Leader, Mathilde P. Weingartner. 

Oct. 17. The foray began at the Rutgers Display Gardens (Horticulture Farm No, 1) 
in New Brunswick. Frost had not overtaken the vegetation. The foliage of nearly all 
plants was in late summer aspect. Fruits, plentiful this year, were late in ripening. 
Birds had stripped the dogwoods, spicebush and arrow-wood of berries. Deciduous hollies 
held bitter, scarlet berries. Small fruited juicy crabapples were being worked by mi- 
grating robins. The berries of evergreen hollies were only beginning to turn rusty or 
yellowish. 

In the Phelps Woods, adjoining the ornamental farm, the sour gums were brilliant 
in leaf. The forest consists of mature white and red oak, hickories, sweet birch, beech, 
red maple, dogwood, black cherry, sweet and sour gums. Clearings featured such in- 
vaders as umbrella magnolia (from the South), European bird cherry (from adjacent 
orchards), Norway maple (from roadsides), Ailanthus and Paulownia (from gardens) 
and the Japanese honeysuckle (possibly extending its invasion from Maryland and 
Virginia). 

A side trip to the Helmetta bog afforded the opportunity to see many native plants 
without getting our feet wet. The chokeberry, Aronia, was in handsome display with its 
bright and variously colored and sized fruits. Black-alder and smooth leaved winterberry 
were sparcely fruited, but attractive. The poison sumae was in winter aspect except for 
a feather duster of dull red leaves at the summit of its stout gray stems. Leaves of the 
leatherleaf reflected autumn sunlight. Phragmites was discovered in the moist roadside 
ditch. Leader, Robert B. Clark. 

Nov. 8. Van Cortlandt Park, N. Y. Our route covered the swamp, then past the 
silky willow area, up the hillside and to the West Woods. The smallest angiosperm in 
the world, Wolffia columbiana, floating and burgeoning in myriad numbers among the 
duckweed, was seen as last year in November (Torreya 86: 139. 1959). What is Wolffla’s 
rhythm of growth and does the colony always culminate in size at about November? 
Salix sericea (fruiting specimens should be checked for certain identification) is 
abundant west of the swamp. I noted a glabrous leaved form next to a hairy one and 
collected two twigs for comparison, both staminate as shown by the buds. The leaf 
blades in one were entirely glabrous, the petiole puberulent at the axil; the reddish- 
brown twigs only slightly puberulent. The blades of the other were sericeous hairy 
beneath; the twigs sordid and quite more puberulent. How are these forms in their 
vernal aspect? It would be interesting for a local botanist to watch them closely through 
the seasons, carefully note variations and elucidate the significance of the glabrous 
form or phase. In the West Woods we devoted attention to Brachyelytrum erectum, 
Cinna arundinacea, Paronychia canadensis, Arabis canadensis (with its pendant sickle- 
pods—the curvature of the faleate siliques being greatest toward the base), Desmodium 
canescens, D. glutinosum, Aster ericiodes (both species, the one in the sense of the 8th 
edition Gray as well as that in the 7th edition, which are entirely different!), <A, 
undulatus, Prenanthes trifoliata, Solidago patula, 8. speciosa (which has been gradually 
increasing in number in our area). One of the members presented for identification a 
Viburnum twig which he had plucked indiscriminately along the way. I believe it was 
V. dilatatum, one of the Asiatie species that tends to spread from cultivation. It will 
be well, then, to be on the watch for it in Van Corlandt Park. A seedling had us all 
stumped for a while. About 14’ tall, with leaf venation as in the benzoin but blades 
larger, elliptic in shape rather than obovate, and inodorus—it proved to be avocado! 
It was identified by the large thick cotyledons of the seed still attached at the base 
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beneath the debris. Of whatever interest this record might be, let no one add Persea 
americana to the list of spontaneous plants of Bronx County. Attendance 12. Leader 
Joseph Monachino. 


’ 


Book REVIEWS 


Textbook of Dendrology. Fourth edition. By William M. Harlow and 
Ellwood 8. Harrar. 561 pages, glossary, illustrated. McGraw-Hill Book Co., 
Ine. New York. 1958. $8.75. 


Since 1937 when the first edition of the Textbook of Dendrology replaced Sar- 
gent’s ““Manual of the Trees of North America” as a dendrology primer, it has con- 
tinued to gain in stature as an outstanding text and reference book with each sue- 
ceeding edition. At this time there is no other dendrology manual that can compare 
to it for teaching purposes. One indicator of its value is the scarcity of used early 
editions in campus bookstores. 

The fourth edition contains the many excellent features of the third and also in- 
eludes several refinements and additions among which are a list of state trees and an 
expanded reference section. The classification of the plant families is still in accord 
with Engler and Prantl. As a suggestion, the inclusion of Order and Section hierarchy 
in the Gymnosperm-Angiosperm subdivisions of the book might better relate the sys- 
tematies presented in most prerequisite botany courses. With few exceptions the taxa 
nomenclature foliows Little’s 1953 “Check-list of Native and Naturalized Trees of the 
United States,” which is fortunate, for most professional foresters and botanists recog- 
nize Little as the nomenclatural authority of the dendroflora of the United States. Al- 
though the range descriptions and maps of the fourth edition have been considerably 
improved, there are several minor errors. Betula lenta L., e.g., is plotted as occurring 
throughout the southern half of the Lower Peninsula of Michigan, but to the reviewer's 
knowledge, substantiated by a check of herbarium records, this species is absent from 
Michigan. Quercus marilandica Muench, is listed as occurring “. . . through northern 
New Jersey .. .” whereas it is quite rare in northern New Jersey, but one of the most 
numerous species throughout the southern part of the state. And Pinus flexilis James 
is also found in western Nebraska, southwestern North Dakota, and the Mexican states 
of Coahuila and Nuevo Leén. These examples of range discrepancies are perhaps in- 
herent to all tree books, for plotting accurate ranges for large numbers of species is 
a monumental job in itself. It is pleasing to learn, however, that this congenital affliction 
of dendrology is soon to be alleviated. With the aid of botanists and foresters through- 
out the United States, Elbert L. Little Jr. is now preparing an atlas of range maps 
which will correct many of the errors of the past. 

A few remarks about genetic versus environmental variation would have strength- 
ened the authors’ introductory paragraphs on variation. The citation of some of the 
more recent taxonomic monographs would have enhanced the species descriptions. 
Critchfield’s 1957 “Geographic variation in Pinus contorta” and Wright’s 1955 “Species 
erossability in spruce in relation to distribution and taxonomy” are two such papers. 

All of the above criticisms, however, are minor when compared to the immeasurable 
value that the Textbook of Dendrology provides to forestry students as the text of one 
of their first forestry courses. I have found that this magnum opus of Drs. Harlow and 
Harrar stimulates students to learn more about our native trees and better appreciate 
the magnificient dendroflora of North America—JoHn W. ANDRESEN, Department of 
Forestry, Michigan State University. 


Drawings of British Plants. Part XIII. Umbelliferae (2). Araliaceae. 


Cornaceae. By Stella Ross-Craig. London: G. Bell & Sons Ltd. 3 Nov 1959. 
9/6 [$1.33]. 


Parts of this fine work continue to appear with commendable rapidity and regu- 
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larity. This one completes Volume 4, which comprises parts X—XIII. Little needs to be 
said about it except to refer the reader to the review of the preceding part (Bull. Torrey 
Club 86: 266). The only member of the Araliaceae listed is Hedera helix, and the only 
two dogwoods are Cornus suecica and C. sanguinea. The remaining 27 plates illustrate 
as many species of Umbelliferae, of which 11 oceur in the northeastern United States.— 
H. W. RICKETT. 


Physiological Triggers. Theodore H. Bullock, Editor. 179 pp. Waverly 
Press. Ine., Baltimore, 1957. $4.00. 


This book considers one of the most fascinating subjects in biology, that is, the 
all or none responses of various cellular processes, This symposium of the Society of 
General Physiologists was held in 1955. Two articles of general biological interest are 
concerned with infection by tobacco mosaic virus of Nicotiana glutinosa and with the 
mechanisms of fertilization in lower animals. Some other intriguing papers discuss in- 
sect diapause, CO, release in insects, firefly luminescence and hormonal action on “target” 
cells. The remainder of the volume consists of six papers dealing with excitation and 
triggering of nerves, nervous systems, nerve-musele junctions and muscles. A lot of the 
book will sustain the unspecialized biologist because of the point of view. The concept 
of physiological triggers has many implications concerning plant systems which have 
not as yet been investigated.—DALE STEFFENSEN. 


Influence of Temperature on Biological Systems. Frank H. Johnson, 
Editor. 275 pp. Illustrated. Waverly Press, Inc., Baltimore, Md., 1957. $4.50. 


Any biologist interested in the basic mechanisms of temperature control in any 
biological system should refer to this book. There are 18 articles in the symposium 
volume held by the Society of General Physiologists in 1956. A number of the papers 
deal with the physical-chemistry and denaturation of enzymes as a function of tem- 
perature. Three articles deal with temperature effects in cell division. The compilation 
by F. W. Went on numerous temperature and other environmental effects on plants 
should be of particular interest to Botanists. There are four papers on different aspects 
of temperature response in nerves and muscles. Three studies are centered on low 
temperature and freezing experiments which are varied as to their criteria and explicit 
in presentation. 

In general the book provides the reader with a comprehensive and diversified 
treatment of modern temperature studies. DALE STEFFENSEN. 


Subcellular Particles. Edited by Teru Hayashi. 213 pp. Illustrated. 
Ronald Press Company, New York, 1959. $6.00. 


The book contains a diversified coverage of recent advances in cellular organiza- 
tion from a physiological and biochemical point of view. This volume was the fifth 
annual symposium held by the Society of General Physiologists. Ten papers were 
presented. The structure and function of different cytoplasmic particles and of nuclear 
constituents were considered. Nearly half of the experimental evidence deals with 
botanical material. 

The biochemistry and structure of mitochondria are presented admirably by David 
E. Green and Alex B. Novikoff in separate articles. Many chemical pathways are con- 
nected and related to cytoplasmie¢ structure. 

Some basie physical-chemical properties are discussed and related to macromolecular 
structure. As given by A. D. McLaren and K. L. Babeock the surface properties of cells 
are shown to possess a pH different from the pH of the aqueous phase. A number of 
model systems are studied with regard to polymerization, particularly as to lignin 
formation, in a paper by S. M. Siegel. 

The mechanism of protein synthesis is one of the most exciting and active areas of 
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biological research today. This subject is covered beautifully in two accounts. At the 
structural level in pancreas cells George E. Palade provides direct evidence for a 
sequence of protein synthesis in connection with the microsomal particles. A lueid 
presentation is given by Mary L. Stephenson et al concerning the sequence of events 
leading to protein synthesis. The role of “soluble RNA” (ribonucleic acid) and miero- 
somal RNA are defined using labeled-amino acid incorporation on to RNA and later 
into protein, 

Nueleic acid metabolism is examined in the nucleus by J. H. Taylor and P., §, 
Woods using tritium-labeled thymidine and cytidine in addition to the use of C1* and P32 
precursors. Convincing evidence is given on the replication of chromosomes and on the 
labeling of nucleoli. Using isolated nuclei, V. Allfrey and A. E. Mirsky have described 
a number of unusual properties of nuclei, particularly with reference to protein synthesis, 

Photosynthetic phosphorylation by chromatophores is discussed by Martin D, 
Kamen and J. W. Newton in the sulfur bacteria, Chromatium. Many of the recent find- 
ings with chromatophores have been omitted by these authors. Isolated Golgi apparatus 
were subjected to biochemical investigation by E. L. Kuff and A. J. Dalton. Lysosomes, 
cytoplasmic particles, are shown to possess varied enzymatic activities. The chemistry 
and structure of these particles are reviewed in detail by C. de Duve. The coverage of 
the book is well balanced and discusses many significant advances in cell physiology. 
At the subcellular level one is impressed by the similarities of plant and animal eells 
rather than their differences —DALE STEFFENSEN, Brookhaven National Laboratory. 


NOTE 


The Annual Meeting of the Torrey Botanical Club was held on January 19, 1960, 
Following dinner at the Men’s Faculty Club at Columbia University, with about 90 in 
attendance, reports of officers and committee chairmen gave testimony to a successful 
year of operation. This Bulletin had turned out 446 pages of which 50 were devoted to 
Torreya. The Field Committee had concluded a very successful season of 45 field trips, 
most of which were well attended. Several of them led to interesting reports or short 
articles in Torreya, see lead article of this issue. The Local Flora Committee is cognizant 
of half a dozen studies progressing within the Torrey Range, see also Harry Lehr’s 
article in preceding issue, An area of real progress has been the study by the Council 
of extending membership, with the Bulletin, to graduate students at a special rate. 
Members of the Club will be asked to vote, perhaps before this is in print, on a con- 
stitutional amendment providing such membership at $5.00 per year. 

The following were elected as officers for 1960: 


President, Charles A. Berger 


Vice-President, William C. Steere Corr. Secretary, Annette Hervey 
Treasurer, Rita MeMahon Recording Secretary, Clark Rogerson 
Editor, James Gunckel Assoc. Ed. Torreya, John A. Small 
Mgr. Publications, Jack MeCormick Bibliographer, Lazella Sehwarten 
Historian, Harold W. Rickett Chm. Field Com., Joseph Monachino 
Rep. Bd. Mgr., NYBG, Lela V. Barton Chm. Loeal Flora, J. Harry Lehr 


Reps. Council AAAS., Peter Nelson and Harold W. Rickett 
Council members 1960-1962: Herman Becker, Clyde Chandler, Honor Hollinghurst, 
Harold W. Rickett. Still serving as Council members are: Ralph Cheney, David Fair- 
brothers, George L. MeNew, Dorothy Meier, E. T. Moul, Peter K. Nelson, David J. 
Rogers, J. Herbert Taylor, Mathilde Weingartner, and Eleanor R. Witkus. 

Following the election, President Berger introduced Dr. George L. MeNew whose 
address shared with the group some of the experiences of many years devoted to “Ad- 
ministration, the art of living with scientists.” 











—_ “Py 





Vou. 87, No. 2, pp. 161-171 





BULLETIN OF THE TORREY BOTANICAL CLUB 











MARCH, 1960 





INDEX TO AMERICAN BOTANICAL LITERATURE 
COMPILED BY 
LAZELLA SCHWARTEN 
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TAXONOMY, PHYLOGENY AND FLORISTICS 
ALGAR 


Brunel, Jules. Le Trentepohlia arborum dans le Québee. Nat. Canad. 86: 
193-198. Oct 1959. 

Bursa, Adam. The genus Prorocentrum Ehrenberg. Morphodynamies, proto- 
plasmatie structures, and taxonomy [5 spp. nov.]. Canad Jour, Bot. 37: 
1-31. 16 Jan 1959. 

Deason, Temd R. Three Chlorophyceae from Alabama soil. Am. Jour. Bot. 46: 
572-578. 20 Oct 1959. 

Irénée-Marie, Frére. Expédition algologique dans la Haute Mauricie 1958, 
Nat. Canad. 86: 199-213. Oct 1959. 

Patrick, Ruth. New species and nomenclatural changes in the genus Navicula 
(Bacillariophyceae). Proce. Acad. Phila. 111: 91-108. 30 Oct 1959. 

Patrick, Ruth. New subgenus and two new species of the genus Navicula 
(Bacillariophyeceae). Not. Nat. 324: 1-11. 30 Oct 1959 . 

Reimer, Charles W. Some new United States distribution records for the diatom 
genus Navicula (Bacillariophyceae). Ecological notes and comments. Proc. 
Aead. Phila. 111: 77-89. 23 Oct 1959. 

Schumacher, G. J. & Whitford, L. A. Additions to the freshwater algae in 
North Carolina. IV. An annotated list of diatoms. Jour, Elisha Mitchell 
Soc. 75: 101-106. Nov 1959. 

Wilce, R. T. Studies in the genus Laminaria. 1. Laminaria cuneifolia J. G. 
Agardh: a review. Bot. Not. 112: 158-174. 1959. 

Womersley, H. B. S. The marine algae of Australia. Bot. Rev. 25: 546-615. 
Oct 1959. 

Yaphe, W. The determination of x-carrageenin as a factor in the classification 
of the Rhodophyeeae. Canad. Jour. Bot. 37: 751-757. Sep 1959. 


BRYOPHYTES 

Andrews, A. LeRoy. Notes on North American Sphagnum. XI. Sphagnum 
subsecundum. Bryologist 62: 87-96. [Aug] 1959. 

Andrews, A. LeRoy & Hermann, Frederick J. A natural hybrid in the Ditri- 
chaceae [x Pleuriditrichum marylandicum]. Bryologist 62: 119-122. [Aug] 
1959. 

Clark, Lois. Frullania laxiflora. Bryologist 62: 135-138. [Aug] 1959. 

Conard, Henry 8. Amblystegium. Bryologist 62: 96-104. [Aug] 1959. 

Cridland, Arthur A. The habitat of Aschisma kansanum. Bryologist 62: 
132-135. [Aug] 1959. 

Fulford, Margaret. Studies on American Hepaticae. 7. A supplement to “The 
genus Bazzania in Central and South America.” Part 1. Introduction and 
the subgenus Bidentatae. Bull. Torrey Club 86: 308-341. Oct 1959. 
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Hermann, F. J. Range extensions of bryophytes in eastern United States, 
Bryologist 62: 138-144. [Aug] 1959. 

Mapes, Herbert M. Discelium nudum in eastern New York. Bryologist 62: 155, 
156. [Aug] 1959. 

Miller, Harvey A. & Scott, E. B. Notes on Hawaiian Hepaticae. III. Relation- 
ships among Herpocladium, Herberta, and Acromastigum. Bryologist 
62: 109-118. [Aug] 1959. 


Schuster, Rudolph M. A monograph of the nearetic Plagiochilaceae. Part II, 


Sectio Zonatae through sectio Parallelae. Am. Midl. Nat. 62: 257-395, 
Oct 1959. 

Veloira, Nieva E. Two new mosses from the Philippines [in Taiwanobryum, 
Thamnium]. Bryologist 62: 104-108, [Aug] 1959. 

Williams, Harry. Pterigoneurum ovatum in Ontario. Bryologist 62: 156-158. 
[Aug] 1959. 

Williams, H. & Cain, R. F. Additions to the Hepaticae of Ontario. Bryologist 
62: 145-148. [Aug] 1959. 

FUNGI 

Barr, Margaret E. Northern Pyrenomycetes. I. Canadian eastern Arctic. Contr, 
Inst. Bot. Univ. Montréal 73: 1-100. pl. 1-9. [14 Aug] 1959. 

Bigelow, Howard E. Notes on fungi from northern Canada. IV. Tricholo- 
mataceae. Canad. Jour. Bot. 37: 769-779. Sep 1959. 

Dance, B. W. A cultural connection between Venturia tremulae Aderh. and its 
imperfect stage in Ontario. Canad. Jour. Bot. 37: 1139, 1140. Sep 1959. 

Dix, W. L. Some Mexican lichens. Bryologist 62: 148, 149. [Aug] 1959. 

Gordon, W. L. The occurrence of Fusarium species in Canada. VI. Taxonomy 
and geographic distribution of Fusarium species on plants, insects, and 
fungi. Canad. Jour. Bot. 37: 257-290. 19 Mar 1959. 

Hale, Mason E. New or interesting parmelias [4 spp. nov.] from North and 
tropical America, Bryologist 62: 123-132. [Aug] 1959. 

Hughes, 8S. J. Microfungi. IV. Trichocladium canadense n. sp. Canad. Jour. 
Bot. 37: 857-859. pl. 1. Sep 1959. 

Lamb, I. Mackenzie. La vegetacién liquénica de los Parques Nacionales 
Patagénicos. Anal. Parg. Nae. 7: 3-188. 1958. 

Roach, A. W. & Silvey, J. K. G. The oceurrence of marine Actinomycetes in 
Texas Gulf Coast substrates. Am. Midl. Nat. 62: 482-499. Oct 1959. 
Shoemaker, R. A. Nomenclature of Drechslera and Bipolaris, grass parasites 

segregated from ‘Helminthosporium. Canad. Jour. Bot. 37: 879-887. 
Sep 1959. 
Sprague, Roderick & Lawrence, Donald B. The fungi on deglaciated Alaskan 
terrain of known age. Res. Stud. Wash. 27: 111-128. Sep 1959. 
Wolfenbarger, D. O. Dispersion of small organisms. Incidence of viruses and 
pollen; dispersion of fungus spores and insects. Lloydia 22: 1-106. Mar 
[Sep] 1959. 


PTERIDOPHYTES 


(see also under Spermatophytes: Mess) 
Benedict, R. C. Ferns and Los Angeles smog. Am. Fern Jour. 49: 114, 115. 
Jul-Sep [Oct] 1959. 
Darling, Thomas. Recent field notes. Am. Fern Jour. 49: 117-122. Sep 1959. 
Morton, C. V. Some new combinations in Thelypteris. Am. Fern Jour. 49: 1138, 
114. Sep 1959. 
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Wagner, W. H. American grapeferns resembling Botrychium ternatum: a pre- 
liminary report. Am. Fern Jour. 49: 97-103. Sep 1959. 

Walker, S. Cytotaxonomic studies of some American species of Dryopteris. 
Am. Fern Jour, 49: 104-112. Sep 1959. 


SPERMATOPHYTES 
(see also under Morphology: Brown et al.) 

Adams, William P. The status of Hypericum prolificum. Rhodora 61: 249-251. 
Sep [3 Nov] 1959. 

Ahles, Harry E. Ipomoea trichocarpa Ell. and Ipomoea trifida G. Don. Jour. 
Elisha Mitchell Soe. 75: 129. Nov 1959. 

Aristeguieta, Leandro. Plantas indicadoras de incendios anuales. Bol. Soe. 
Venez. Ci. Nat. 2094: 337-347. Jul 1959. 

Avery, Amos G., Satina, Sophie & Rietsema, Jacob. Blakeslee: the genus 
Datura. Chron. Bot. 20: i—xli, 1-289. port. 1959. 
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Barneby, R. C. On Astragalus dasyglottis, a species common to Asia and 


America. Leafl. West. Bot. 9: 49-51. 18 Sep 1959. 

Beaudry, Jean R. & Chabot, Denise L. Studies on Solidago L. IV. The chromo- 
some numbers of certain taxa of the genus Solidago. Canad. Jour. Bot. 
37: 209-228. 19 Mar 1959. 

Bernardi, A. Luciano. El género Astronium Jacquin. Bol. Soc. Venez. Ci. Nat. 
2094: 348-359. Jul 1959. 

Boivin, Bernard. Abies balsamea (Linné) Miller et ses variations. Nat. Canad. 
86: 219-223. Oct 1959. 

Brade, Alexandre Curt & Pabst, Guido F. J. Novitates Herbarii Hortus 
Fluminensis—I [Erythrodes mendongae|. Orquidea Rio de Janeiro 20: 
5-7. Jan-Feb. IT |. fissirostris]. 60, 61. Mar-Apr 1958. 

Breitung, August J. Cultivated and native agaves in the southwestern United 
States. Cact. Suce. Jour. 31: 114-117. Jul. 142-146. Sep 1959. 

Brown, J. R. Notes on haworthias. Cact. Suce. Jour. 31: 112, 113. Jul. 150, 
151. Sep 1959. 

Callen, E. O. Studies in the genus Lotus (Leguminosae). I. Limits and sub- 
divisions of the genus. Canad. Jour. Bot. 37: 157-165. 16 Jan 1959. 

Channell, R. B. & Wood, C. E. The genera of Plumbaginaceae of the south- 
eastern United States. Jour. Arnold Arb. 40: 391-397. 15 Oet 1959. 

Clausen, Jens & Hiesey, William M. Experimental studies on the nature of 
species. IV. The genetic structure of ecological races. Carnegie Inst. 
Publ. 615: i—vii, 1-312. 1958. 

Couch, Ernest. First records of four east-European Linnaean plants at Dallas, 
Texas. Field Lab. 26: 84, 85. Jul-Oct 1958 [Aug 1959]. 

Cuatrecasas, José. New chiropterophilous Solanaceae from Colombia [in 
Markea, Trianaea|. Jour. Wash. Acad. 49: 269-272. Aug—Sep 1959. 

Davidson, Robert Austin. The vascular flora of southeastern Iowa. Univ. Iowa 
Stud. Nat. Hist. 202: 1-102. 1959. 

Dressler, Robert L. A name for an interesting Epidendrum [acufae]. Am. 
Orchid Soe. Bull. 28: 358-361. Mai 1959. 

Duman, Maximilian G. Plants of Winter Island, N. W. T. Am. Midl. Nat. 62: 
183-188. Jul 1959. 

Dunn, David B. Lupinus pusillus and its relationships. Am. Midl. Nat. 62: 

500-510. Oct 1959. 
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Dutilly, Arthéme & Duman, Maximilian. A collection of plants from Winisk, 
Ontario. Nat. Canad. 86: 214-218. Oct 1959. 

Eaton, Richard J. Additional note on vegetative reproduction in Carex 
tribuloides and C. projecta. Rhodora 61: 294, 295. Nov 1959. 

Edwin, Gabriel. New Castillejae and a new Cordylanthus from Nevada. Leafl. 
West. Bot. 9: 43-48. 18 Sep 1959. 

Emygdio de Mello Filho, Luiz. Sébre Zollernia mocitayba. Bol. Mus. Rio de 
Janeiro II. Bot. 22: 1-9. 30 Mai 1959. 

Ernst, Wallace R. Chromosome numbers of some Papaveraceae. Contr. Dudley 
Herb. 5: 137-139. 31 Aug 1959. 

Eyde, Richard H. The discovery and naming of the genus Nyssa. Rhodora 61: 
209-218. Aug [Nov] 1959. 

Ferris, Roxana 8. New combinations in Aster. Madrofio 15: 128. Oct 1959. 

Franklin, Alicelia Hoskins. Gingko biloba L.: historical summary and bibli- 
ography. Va. Jour. Sei. II. 10: 131-176. Jul 1959. 

Grant, William F. Cytogenetic studies in Amaranthus. II, Natural interspecific 
hybridization between Amaranthus dubius and A. spinosa. Canad. Jour. 
Bot. 37: 1063-1070. Sep 1959. 

Gunn, Charles R. A flora of Bernheim Forest, Bullitt County, Kentucky. 
Castanea 24: 61-98. Sep [Nov] 1959. 

Harris, Stuart K. Peucedanum palustre, an interesting addition to the flora of 
Essex County, Massachusetts. Rhodora 61: 181. Jun [Nov] 1959. 

Harris, Stuart K. Two crucifers new to Essex County, Massachusetts. Rhodora 
61: 187. Jul [Nov] 1959. 

Harris, Stuart K. Two grasses new to Essex County, Massachusetts. Rhodora 
61: 247, 248. Sep [3 Nov] 1959. 

Hodgdon, A. R. Cabomba caroliniana in Rockingham County, New Hampshire. 
Rhodora 61: 248, 249. Sep [3 Nov] 1959. 

Hodgdon, A. R. Sedum sexangulare in New Hampshire. Rhodora 61: 247. 
Sep [3 Nov] 1959. 

James, R. L. Carolina hemlock—wild and cultivated. Castanea 24: 112-134. 
Sep [3 Nov] 1959. 

Jarrett, Frances M. Studies in Artocarpus and allied genera, III. A revision of 
Artocarpus subgenus Artocarpus. Jour. Arnold Arb. 40: 327-368. 15 
Oct 1959. 

Jones, George Neville. Viola eriocarpa vs. V. pensylvanica. Rhodora 61: 219, 
220. Aug [Nov] 1959. 

Kobuski, Clarence E. A revised key to the Chinese species of Jasminum. Jour. 
Arnold Arb. 40: 385-390. 15 Oct 1959. 


Love, Doris & Dansereau, Pierre. Biosystematie studies on Xanthiwm: 


taxonomie appraisal and ecological status. Canad. Jour. Bot. 37: 173-208. 
19 Mar 1959. 

McMillan, Calvin & Weiler, John. Cytogeography of Panicum virgatum in 
central North America. Am. Jour. Bot. 46: 590-593. 20 Oct 1959. 

Mackaness, Faith P. Experimental hybridization of Columbia River gorge 
Penstemon. Northw. Sei. 33: 129-134. Aug 1959. 

Maguire, Bassett. A review of Clusia, sect. Polythecandra Pl. & Tr. of the 
Guttiferae. Bol. Soc. Venez. Ci. Nat. 2094: 363-370. Jul 1959. 

Monachino, Joseph. The type of Setaria Faberii. Rhodora 61: 221-223. Aug 
[Nov] 1959. 
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Monachino, Joseph & Leonard, Emery C. A new species of Justicia from 
Florida. Rhodora 61: 183-187. Jul [Nov] 1959. 

Morey, Dennison H. Changes in nomenclature in the genus Plectritis. Contr. 
Dudley Herb. 5: 119-121. 31 Aug 1959. 

Moss, E. H. Flora of Alberta. A manual of flowering plants, conifers, ferns and 
fern allies found growing without cultivation in the Province of Alberta, 
Canada. i—vi, 1-546. 1959. 

Mulligan, Gerald A. Chromosome numbers of Canadian weeds. II. Canad. 
Jour. Bot. 37: 81-92. 16 Jan 1959. 

Mulligan, Gerald A. & Bassett, I. John. Achillea millefolium complex in Can- 
ada and portions of the United States. Canad. Jour. Bot. 37: 73-79. 
pl. 1. 16 Jan 1959. 

Ochoa, C. Trichocereus tulhuayacensis, un cactus peruano poco conocido. 
Biota 218; 199-201. Jun 1959. 

Pelton, Jeanette S. Variation patterns in four clones of Mertensia ciliata. 
Madrofio 15: 123-128. Oet 1959. 

Pohl, Richard W. & Gillespie, James P. Distributional and cytological notes on 
Salsola collina. Rhodora 61: 265-267. Oct [18 Nov] 1959. 

Proctor, George R. A new Peperomia [lewisii] from Jamaica. Rhodora 61: 
218, 219. Aug [Nov] 1959. 

Riley, Herbert P. Chromosome aberrations in natural populations of Trade- 
scantia paludosa. Nucleus 1: 11-44. 1958. 

Rollins, Reed C. The genus Synthlipsis (Cruciferae). Rhodora 61: 253-264. 
Oct [18 Nov] 1959. 

Sandwith, N. Y. Salvia dorisiana [Honduras]. Bot. Mag. 172: pl. 348. 
Oct 1959. 

Savile, D. B. O. The botany of Somerset Island, District of Franklin. Canad. 
Jour. Bot. 37: 959-1002. Sep 1959. 

Shinners, Lloyd H. Typification of the genus Forestiera (Oleaceae). Rhodora 
61: 293, 294. Nov 1959. 

Sinskaya, E. N. Diploid and tetraploid species of wildgrowing alfalfa in the 
flora of the U.S.S.R. Canad. Jour. Bot. 37: 1136-1138. Sep 1959. 

Smith, E. C. Contributions to the flora of Nova Scotia VII. Distribution of some 
aquatic and paludial [sie] species, Rhodora 61: 275-289. Nov 1959. 

Steele, Frederic L. & Hodgdon, A. R. Some additions to the vascular flora of 
New Hampshire. Rhodora 61: 268-270. Oct [18 Nov] 1959. 

Steeves, Taylor A. An interpretation of two forms of Osmunda cinnamomea. 
Rhodora 61: 223-230. Aug [Nov] 1959. 

Stevens, Orin Alva. Index of names [in vol. 22]. North American Flora 22’: 
1-22. Sep 1959. 

Taylor, T. M. C. The taxonomic relationship between Picea glauca (Moench) 
Voss and P. Engelmannii Parry. Madrofio 15: 111-115. Oct 1959. 

Terrell, Edward E. A revision of the Houstonia purpurea group (Rubiaceae). 
Rhodora 61: 157-180. Jun [Nov]. 188-207. Jul [Nov] 1959. 

Turner, B. L. Thelesperma nuecense, a new species from south Texas and its 
bearing on the status of 7. filifolium. Rhodora 61: 243-246. Sep [5 
Nov] 1959. 

Turrill, W. B. Cassia stipulacea [Chile]. Bot. Mag. 172: pl. 345. Oct 1959. 

Walther, Eric. Echeveria hybrids. Jour. Calif. Hort. Soe. 20: 60-62. Jul- 
Sep 1959. 
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Waterfall, U. T. A revision of Euenide. Rhodora 61: 231-243. Sep [5 Nov] 
1959. 

Webb, D. A. Hypericum canadense L., a new American plant in western Ireland. 
Irish Nat. Jour. 12: 113-116. Jan 1957. 

Wiggins, Ira L. A grass new to the Alaskan Arctic. Contr. Dudley Herb. 5: 
129-131. 31 Aug 1959. 

Wiggins, Ira L. A new Cuscuta [lindsayi| from Sinaloa, Mexico. Contr. Dudley 
Herb. 5: 133-135. 31 Aug 1959. 

Wilson, Kenneth A. & Wood, Carroll E. The genera of Oleaceae in the south- 
eastern United States. Jour. Arnold Arb. 40: 369-384. 15 Oct 1959. 
Winterringer, Glen S. Notes on Cyperaceae from Illinois. Rhodora 61: 290- 

292. Nov 1959. 

Wood, Carroll E. The genera of Theaceae of the southeastern United States, 
Jour. Arnold Arb. 40: 413-419. 15 Oct 1959. 

Woodson, Robert E., Schery, Robert W. ef al. Flora of Panama. Part VII, 
Fascicle 4 (Onagraceae to Cornaceae). Ann. Missouri Bot. Gard. 46: 
195-256. 15 Oct [Sep] 1959. 

Wurdack, J. J. Una nueva melastomacea de los Andes venezolanas. Bol. Soe. 

Venez. Ci. Nat. 20%: 360, 361. 1 pl. Jul 1959. 


PALEOBOTANY 


Cohen, Lila M. & Delevoryas, Theodore. An occurrence of Cordaites in the upper 
Pennsylvanian of Illinois. Am. Jour. Bot. 46: 545-549. 28 Jul 1959. 
Eggert, Donald A. Studies of paleozoic ferns. The morphology, anatomy, and 
taxonomy of Ankyropteris glabra. Am. Jour. Bot. 46: 510-520. 28 Jul. 
Tubicaulis stewartii sp. nov. and evolutionary trends in the genus. 594- 
602. Oet 1959. 

Ehrlich, Howard G. & Hall, John W. The ultrastructure of Eocene pollen. 
Grana Palyn. 2: 32-35. pl. 1, 2. 1959. 

Mamay, Sergius H. A new bowmanitean fructification from the Pennsylvanian 
of Kansas. Am. Jour. Bot. 46: 530-536. 28 Jul 1959. 

Terasmae, J. Paleobotanical study of buried peat from the Mackenzie River 
delta area, Northwest Territories. Canad. Jour. Bot. 37: 715-717. Jul 1959. 

Terasmae, J. & Fyles, J. G. Paleobotanical study of late-glacial deposits from 
Vancouver Island, British Columbia. Canad. Jour. Bot. 37: 815-817. Sep 

1959. 


ECOLOGY AND PLANT GEOGRAPHY 


(See also under Spermatophytes: Clausen & Hiesey; Love & Dansereau; 

under Morphology: Bakshi) 

Baker, H. G. The contribution of autecological and genecological studies to our 
knowledge of the past migrations of plants. Am. Nat. 93: 255-272. 20 Jul 
1959. 

Billings, W. D. & Bliss, L. C. An alpine snowbank environment and its effect on 
vegetation, plant development, and productivity. Ecology 40: 388-397. Jul 
1959. 

Buell, Murray F. & Buell, Helen F. Aspen invasion of prairie. Bull. Torrey 
Club 86: 264, 265. Aug 1959. 

Cahalane, Victor H. A biological survey of Katmai National Monument. 

Smithson. Mise. Collect. 1385: 1-246. 20 Aug 1959. 
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Christensen, E. M., Clausen, J. J. (Jones) & Curtis, J. T. Phytosociology of the 
lowland forests of northern Wisconsin. Am. Midl. Nat. 62: 232-247. Jul 
[Aug] 1959. 

Cook, David B. & Smith, Ralph H. A white spruce outlier at Shushan, New 
York. Ecology 40: 333-337. Jul 1959. 

Cottam, Walter P., Tucker, John M. & Drobnock, Rudy. Some clues to Great 
Basin postpluvial climates provided by oak distributions. Eeology 40: 
361-377. Jul 1959. 

Dale, Edward E. The grasslands of Platt National Park, Oklahoma. Southw. 
Nat. 4: 45-60. 15 Sep 1959. 

Dansereau, Pierre. Phytogeographia laurentiana. I. Introduction et méthodolo- 
gie. Contr. Inst. Bot. Univ. Montréal 74: 1-18. II. The principal plant 
associations of the Saint Lawrence Valley. 75: 1—147. 1959. 

Ferri, Mario G. & Coutinho, Leopoldo M. Contribuicio ao conhecimento da 
ecologia do cerrado. Estudo comparativo da economia d’Agua de sua vege- 
tacao, em Emas (Est. de Sao Paulo), Campo Grande (Est. de Mato Grosso) 
e Goidnia (Est. de Goidés). Univ. S. Paulo Fac. Filos. Ci. Letr. Bol. 224 
Bot. 15: 103-150. 1958. 

Haller, John R. Factors affecting the distribution of ponderosa and Jeffrey pine 
in California. Madrofo 15: 65-70. 20 Jul 1959. 

Kilburn, Paul D. The forest-prairie ecotone in northeastern Illinois. Am. Midl. 
Nat. 62: 206-217. Jul 1959. 

McMillan, Calvin. Nature of the plant community. V. Variation within the true 
prairie community-type. Am. Jour. Bot. 46: 418-424. 18 Jun 1959. 

McMillan, Calvin. Salt tolerance within a Typha population. Am. Jour. Bot. 
46: 521-526. Jul 1959. 

Panje, R. R. & Srinivasan, K. Studies in Saccharum spontaneum. The flowering 
behavior of latitudinally displaced populations. Bot. Gaz. 120: 193-262. 
Jun [Aug] 1959. 

Thieret, John W. Grassland vegetation near Fort Providence, Northwest Terri- 
tories. Canad. Field-Nat. 73: 161-167. Jul-Sep [10 Aug] 1959. 

Van Vechten, George W. & Buell, Murray F. The flood plain vegetation of the 
Millstone River, New Jersey. Bull. Torrey Club 86: 219-227. Aug 1959. 

Woods, Frank W. & Shanks, Royal E. Natural replacement of chestnut by other 
species in the Great Smoky Mountains National Park. Ecology 40: 
349-361. Jul 1959. 

Youngberg, C. T. & Dryness, C. T. The influence of soils and topography on the 
occurrence of lodgepole pine in central Oregon. Northw. Sei. 33: 111-120. 
Aug 1959. 


MORPHOLOGY 
(See also under Algae: Bursa) 


Bakerspigel, A. The structure and manner of division of the nuclei in the vege- 
tative mycelium of the basidiomycete Schizophyllum commune. Canad. 
Jour. Bot. 37: 835-842. pl. 1-5. Sep 1959. 

Bakshi, Trilochan 8S. Ecology and morphology of Pterospora andromeda. Bot. 
Faz, 120: 203-217. Jun [Aug] 1959. 

Bianchi, D. E., Schwemmin, D. J. & Wagner, W. H. Pollen release in the com- 
mon ragweed (Ambrosia artemisiifolia). Bot. Gaz. 120: 235-243. Jun 
[Aug] 1959. 
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Brown, Walter V., Harris, William F. & Graham, Joseph D. Grass morphology 
and systematics. I. The internode. Southw. Nat. 4: 115-125. 24 Oct 1959. 

Brown, Walter V., Pratt, Gene A. & Mobley, Harold M. Grass morphology and 
systematics. II. The nodal pulvinus. Southw. Nat. 4: 126-130. 24 Oct 1959. 

Craigie, J. H. Nuclear behavior in the diploidization of haploid infections of 
Puccinia helianthi. Canad. Jour. Bot. 37: 843-855. Sep 1959. 

Dermen, Haig. Adventitious bud and stem relationship in apple. Jour. Wash. 
Acad. 49: 261-268. Aug—Sep 1959. 

Setterfield, G. & Bagley, 8S. T. Deposition of cell walls in oat coleoptiles. 
Canad. Jour. Bot. 37: 861-870. pl. 1-4. Sep 1959. 

Shah, J. J. Studies on the stipules of six species of Vitaceae. Jour. Arnold Arb. 
40: 398-412. 15 Oct 1959. 

Taylor, Edward C. Peristome teeth in polarized light. Bryologist 62: 149-155. 
[Aug] 1959. 

Tulecke, Walter. The pollen cultures of C. D, LaRue: a tissue from the pollen 
of Taxus. Bull. Torrey Club 86: 283-289. Oet 1959. 

Xavier-Moreira, Alvaro. A terminologia palinolégica—evolucio desde Faegri e 
Iversen até as proposigdes de Lucknow (The Birbal Sahni Institute of 
palaeobotany). Bol. Mus. Rio de Janeiro II. Bot, 21: 1-4. 16 Mai 1959. 

Xavier-Moreira, Alvaro. Aplicacio do indice Szadeezky-Kardéss na terminolo- 
gia palinolégica. Bol. Mus. Rio de Janeiro II. Bot. 20: 1-4. 20 Feb 1959. 

Xavier-Moreira, Alvaro. On the stability patterns of pollen grain tetrads. Bol. 
Mus. Rio de Janeiro IT. Bot. 23: 1-6. 30 Mai 1959. 


GENETICS 


(See also under Spermatophytes: Clausen & Hiesey; Grant; 
under Morphology: Craigie) 


Armstrong, J. M. & Hattersley-Smith, M. Polyspory in an amphiploid of Triti- 
cum-Agropyron hybrids. Canad. Jour. Pl. Sci. 39: 272-277. Jul [Sep] 1959. 

Bemis, W. P. Selective fertilization in lima beans. Geneties 44: 555-562. Jul 
[15 Sep] 1959. 

Cameron, James W. & Cole, Donald A. Effects of the genes su,, su,, and du on 
earbohydrates in developing maize kernels. Agron. Jour. 51: 424-427. Jul 
1959. 

Cleveland, R. W. & Stanford, E. H. Chromosome pairing in hybrids between 
tetraploid Medicago sativa L. and diploid Medicago falcata L. Agron. 
Jour. 51: 488-492. Aug 1959. 

Emmerling, M. H. Preferential segregation of structurally modified chromo- 
somes in maize. Genetics 44: 625-645. Jul [15 Sep] 1959. 

Fabergé, A. C. Production by alpha particles of functionally stable broken 
chromosome ends in maize. Genetics 44: 279-285. Mar [Jul] 1959. 

Gajewski, W. Evolution in the genus Geum. Evolution 13: 378-388. 8 Sep 1959. 

Gardner, C. O. & Lonnquist, J. H. Linkage and the degree of dominance of 
genes controlling quantitative characters in maize. Agron. Jour. 51: 
524-528. Sep 1959. 

Hanson, W. D. The theoretical distribution of lengths of parental gene blocks 
in the gametes of an F, individual. Geneties 44: 197-209. Mar [Jul] 1959. 

Hart, R. H. & Wilsie, C. P. Inheritance of a flower character, brown keel tip, in 
Lotus corniculatus L, Agron. Jour. 51: 379, 380. Jul 1959. 
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Kenaschuk, E. O., Anderson, R. G. & Knott, D. R. The inheritance of rust re- 
sistance to race 15B of stem rust in ten varieties of durum wheat. Canad. 
Jour. Pl. Sei. 39: 316-328. Jul [Sep] 1959. 

Konzak, C. F. Radiation-induced mutations for stem rust resistance in oats. 
Agron. Jour. 51: 518-520. Sep 1959. 

Larson, Ruby I. Inheritance of the type of solid stem in golden ball (Triticum 
durum). I. Early generations of a hybrid with rescue (7. aestivum). 
Canad. Jour. Bot. 37: 889-896. Sep II. Cytogenetics of the relation between 
solid stem and other morphological characters in hexaploid F, lines if a 
hybrid with rescue (T. aestivum). 1207-1216. Nov 1959. 

Morrison, J. W. et al. Cytogenetic studies in the genus Hordeum. II. Inter- 
specific and intergeneric crosses. Canad. Jour. Pl. Sei. 39: 375-383. Jul 
[Sep] 1959. 

Rumbaugh, M. D. & Lonnquist, J. H. Inbreeding depression of diallel crosses 
of selected lines of corn. Agron. Jour. 51: 407-412. Jul 1959. 

Sampson, D. R. & Hunter, A. W. 8S. Inheritance of shades of bronze and pink 
flowers of Antirrhinum majus. Canad. Jour. Pl. Sei. 34: 329-341. Jul 
[Sep] 1959. 

Sprague, G. F., Russell, W. A. & Penny, L. H. Recurrent selection for specific 
combining ability and type of gene action involved in yield heterosis in 
corn. Agron. Jour. 51: 392-394. Jul 1959. 

Stanford, E. H. The use of chromosome deficient plants in cytogenetic analyses 
of alfalfa. Agron, Jour. 51: 470-472. Aug 1959. 

Witkus, E. R. et al. The cytology of Xanthium texanum D. C. V. Further ob- 
servations on cytology and breeding behavior. Bull. Torrey Club 86: 
300-307. Oet 1959. 

PHYTOPATHOLOGY 
(See also under Genetics: Kenaschuk et al.) 


Basham, J. T. Studies in forest pathology. XX. Investigations of the patho- 
logical deterioration in killed balsam fir. Canad. Jour. Bot. 37: 291-326. 
pl. 1-3. 19 Mar 1959. 

Bier, John E. The relation of bark moisture to the development of canker 
diseases caused by native, facultative parasites. I. Cryptodiaporthe canker 
on willow. Canad. Jour. Bot. 37: 229-238. 19 Mar. II. Fusarium canker 
on black cottonwood. 781-788. Sep. III. Cephalosporium canker on west- 
ern hemlock. 1140-1142. pl. 1. Sep i959. 

Chiarappa, Luigi. Extracellular oxidative enzymes of wood-inhabiting fungi 
associated with the heart rot of living grapevines. Phytopathology 49: 
578-583. Sep 1959. 

Clark, R. S. et al. The nature and fungitoxicity of an amino acid addition 
product of chlorogenic acid. Phytopathology 49: 594-597. Sep 1959. 
Conners, I. L. Further observations on Leptothyrium and Kabatia on Lonicera. 

Canad. Jour. Bot. 37: 1131. Sep 1959. 

Cory, Ernest N. & Highland, Henry A. Dipping Phalaenopsis for the control of 
mealybugs. Am. Orchid Soe. Bull. 28: 344, 345. Mai 1959. 

Dickson, J. G., Syamananda, R. & Flangas, A. L. The genetic approach to the 
physiology of parasitism of the corn rust pathogens. Am. Jour. Bot. 46: 
614-620. Oct 1959. 

Drayton, W. W. Notes on a water-soaked leaf condition in eymbidiums. Am. 

Orchid Soe. Bull. 28: 347, 348. Mai 1959. 
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Erwin, D. C., Kennedy, B. W. & Lehman, W. F. Xylem necrosis and root rot 
of alfalfa associated with excessive irrigation and high temperature. 
Phytopathology 49: 572-578. Sep 1959. 

Goplen, B. P. & Stanford, E. H. Studies on the nature of resistance in alfalfa 
to two species of root-knot nematodes. Agron. Jour. 51: 486-488. Aug 
1959. 

Hildebrand, A. A. A root and stalk rot of soybeans caused by Phytophthora 
megasperma Drechsler var. sojae var. nov. Canad. Jour. Bot. 37: 927-957. 
pl. 1-4. Sep 1959. 

Krupka, L. R. Metabolism of oats susceptible to Helminthosporium victoriae 
and victorin. Phytopathology 49: 587-594. Sep 1959. 

McKeen, Colin D. Cucumber necrosis virus. Canad. Jour. Bot. 37: 913-925. 
Sep 1959. 

Maloy, Otis C. & Burkholder, Walter H. Some effects of crop rotation on the 
Fusarium root rot of bean. Phytopathology 49: 583-587. Sep 1959. 
Munro. James. Diagnosis of potato virus F by means of Solanum miniatum. 

Canad. Jour. Bot. 37: 903-905. pl. 1. Sep 1959. 

Murnecke, D. E., Ludwig, R. A. & Sampson, R. E. The fungicidal activity of 
methyl bromide. Canad. Jour. Bot. 37: 51-58. 16 Jan 1959. 

Patton, R. F. & Riker, A. J. Artificial inoculation of pine and spruce trees 
with Armillaria mellea. Phytopathology 49: 615-622. Sep 1959. 

Person, Clayton. Gene-for-gene relationships in host:parasite systems. Canad. 
Jour. Bot. 37: 1101-1130. Sep 1959. 

Petersen, Lawrence J. Relation between inoculum density and infection of 
wheat by uredospores of Puccinia graminis var. tritici. Phytopathology 
49: 607-614. Sep 1959. 

Renfro, B. L. & Sprague, E. W. Reaction of Medicago species to eight alfalfa 
pathogens. Agron. Jour, 51: 481-485. Aug 1959. 

Sackston, W. E. & Martens, J. W. Dissemination of Verticillium albo-atrum on 
seed of sunflower (Helianthus annuus). Canad. Jour. Bot. 37: 759-768. 
Sep 1959. 

Schnathorst, W. C. Resistance in lettuce to powdery mildew related to osmotic 
value. Phytopathology 49: 562-571. Sep 1959. 

Simons, M. D. Variability among strains of noncultivated species of Avena for 
reaction to races of the crown rust fungus. Phytopathology 49: 598-601. 
Sep 1959. 

Stover, R. H. Studies on Fusarium wilt of bananas. TV. Clonal differentiation 
among wild isolates of F. oxysporum f. cubense. Canad. Jour. Bot. 37: 
245-255. pl. 1-3. 19 Mar 1959. 

Thomason, Ivan J., Erwin, D. C. & Garber, M. J. The relationship of the root- 
knot nematode Meloidogyne javanica to Fusarium wilt of cowpea. Phyto- 
pathology 49: 602-606. Sep 1959. 

Wang, Dalton. Effect of benzimidazole, dimethylbenzimidazole, glucose, and 
metal ions on the development of Puccinia graminis tritici on detached 
leaves of Khapli wheat. Canad. Jour. Bot. 37: 239-244. 19 Mar 1959. 

Wedding, R. T. & Kendrick, J. B. Toxicity of N-methyl dithiocarbamate and 
methyl isothiocyanate to Rhizoctonia solani. Phytopathology 49: 577-561. 
Sep 1959. 

Ziller, W. G. Studies of western tree rusts. IV. Uredinopsis hashiokai and U. 
pteridis causing perennial needle rust of fir. Canad. Jour. Bot. 37: 93-107. 
pl. 1-8. V. The rusts of hemlock and fir caused by Melampsora epitea. 
109-119. pl. 1-3. 16 Jan 1959. 













1960) INDEX TO AMERICAN BOTANICAL LITERATURE 


GENERAL BOTANY 
(including biography and nomenclature) 


Darwin, Charles Galton. Some episodes in the life of Charles Darwin. Proe. 
Am. Philos. Soe. 103: 609-615. [Oct] 1959. 

Geiser, S. W. Men of science in Texas, 1820-1880. Field Lab. 26: 86-139. 
Jul—Oct 1958 [Aug 1959]. IT. 27: 20-48. Jan [Oct] 1959. IIT. 27: 81-96. 
Apr [Nov] 1959. 

Gilkey, Helen M. Albert Newton Steward. Bull. Torrey Club 86: 342-344. 
Oct 1959. 

Knobloch, Irving W. A preliminary estimate of the importance of hybridization 
in speciation. Bull. Torrey Club 86: 296-299. Oct 1959. 

Rabinowitch, Eugene. Robert Emerson 1903-1959. Pl. Physiol. 34: 179-184. 
Mai [Jul] 1959. 

Reiter, Victor. Eric Walther (1892-1959). Jour. Calif. Hort. Soe. 20: 64, 
76. Jul-Sep 1959. 

Rickett, H. W. & Stafleu, F. A. Nomina generica conservanda et rejicienda 
Spermatophytorum. Taxon 8: 213-243. 12 Aug 1959. 

Rzedowski, J. Las collecciones botAénicas de Wilhelm (José Guillarmo) Schaffner 
en San Luis Potosi. Acta Ci. Potos. 3: 99-121. 1959. 

Smith, C. Earle & Thieret, John W. Thomas Nuttall (1786-1859): an evaluation 
and bibliography. Leafl. West. Bot. 9: 33-42. 18 Sep 1959. 

Thomas, John H. Herman Knoche, 1870-1945. Contr. Dudley Herb. 5: 
123-127. 31 Aug 1959. 

Zirkle, Conway. Species before Darwin. Proc. Am. Philos. Soe. 103: 636-644. 

[Oct] 1959. 
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